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FOREWORD 


This is not a book of the conventional type. It departs essentially 
from brochures on popular science in its method of presentation. 
It began in the form of short stories about man’s evolution, re¬ 
lated to the younger members of my family from lime to time. 
The attempt, therefore, was not merely to give a simple exposition 
of the main scientific facts, shorn as far as possible of their 
technicalities, but also to create interest by the free use of 
simile and example, which objective was especially kept in view. 

These pages have undergone much emendation from their 
original to adapt them for young students of science* particularly 
those aspiring to their Bachelor's degrees in Geology, Anthropo* 
logy or Zoology. It is also hoped that the layman will hnd 
sufficient interest to glean some idea of an unfamiliar theme. 
In order, therefore, to place this subject in its wider perspective, 
it was thought not only desirable but essential to consider 
related aspects of this problem (e.g. the principles and major 
landmarks of evolution, the antiquity of the earth and of life on 
the globe, and even certain fundamentals of geology) so as to 
form a suitable background for the main theme of man's 
evolution. No apology is therefore needed if these iodiiectly or 
event remotely related problems have been dealt with in some 
detail. 

It may be further emphasized that the aim has been to deal 
mainly with the organic and physical evolution of the human 
race, not its mental and moral development, which can be 
safely lef^ in the hands of the philosophers, whose numbers today 
are as great as ever; or even with the politicians, of whom, alas! 
there is no dearth, judging by the kaleidoscope of international 
events. 

In spite of its importance, one can only hope to touch the 
mere fringe of this vast problem- The Palaeontologist (the 
scientist who deals with fossils and studies the life of past 
ages) attempts to unmask the panorama of forgotten eras, of 
time buried deep within the bosom of Eternity. He tries to re¬ 
build prehistories from scanty relics and* remnants, and 
he builds ancient geographies hke a child his jig-saw puzzle; 
he tells us of the continents that have founded into the sea or 


risen from the ocean depths; of continents that have, perchance, 
drifted apart like friends unable to retain contacts of friendship. 
And he lays bare the great drama of man’s evolution, with its 
varying actors, some rude and uncouth, some more refined, who, 
having played their glorious or inglorious parts, walked off the 
slag^for ever. And the Palaeontologist also tells us to be the 
wiser for past experience, to listen to the verdict of evolution; 
in short, to Uke heed lest the race of man perish by the will and 
wish of man—but of that anon. 

In spite of the progress of science the early beginnings of man 
are still enshrouded in mystery and we often grope in the dark, 
looking for broken remnants ofcluea and undeciphered bones; 
and yet, like the composer who has recalled to mind the strains 
of some forgotten melody, we often catch glimpses of sparkling 
light which give us courage and inspiration. 

Geology^ and palaeontology• have ^ven much to humanity— 
coal, oil, minerals, precious stones and industry. But little did we 
realise that these sciences tiso gave humanity some of its 
saints. ). B. S. Haldane asserls that, for example, St Protasus 
and St. Gervnise were probably no more than ordinary mortals 
of late Palaeolithic age, whose sanctity is ascribed to the fact that 
after their bodies were decapitated, and the flesh removed, ihdr 
bones were besmeared according to Stone Age custom with 
red ochre, which simulated blood, so that when these bones 
were unearthed near Milan, they were acclaimed as those ‘Of 
saints. It is* even reported that while being transported from 
ihdr ancient to more dignified graves, their touch cured the 
sick and ailing on the way. In reality, however, these 'saints 
were only fossilised representatives of the Cro-Magnon race of 
30,000 years or more ago, whose sex is unknown and ^ho might 
even have been the victims of a cannibalistic ritual- So that geo¬ 
logy and palaeontology gave to Christianity saints, who acquired 
their sanctity by “sheer luck” arid pious misinterpreUtioo. And 
that is more than chemistry or physics or even mathematics 
has ever achieved, in spite of the belief that numbers can 
prove almost anything. 
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KSfeek. rt « Mrtb. logos - meact, meAmos the t d tnat of Um urlh. . 
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IX 


The author is fully conscious of the frequent references to 
the antiquity of various geological and biological events in 
terms of mUlions of years, even though orthodox scieoce might 
look askance at them. His sole excuse is that he has rarely, if 
ever, talked to a layman on tWs subject without being imm^ 
diately posed a volley of questions demanding the age of. this 
fossil or of that geological event in numbers of years. “How 
old is it T is invariably the first question asked. Surely then 
no harm can come if the layman’s just curiosity is satisfi^, even 
if one is out by a few million years in presenting this awe¬ 
inspiring galaxy of figures. 

Some at least of these pages were written during long and 
laborious railway journeys, or during equally long interludes 
at railway stations which would have been, at the best of times, 
a good lest of one's patience, But there is a brighter side to evejy 
picture for these war-time ’amenities' gave the writer opportuni¬ 
ties of working on this book. If these pages, in spile of any 
shortcomings, succeed in imparting some knowledge concerning 
the physical evolution of the race to which the reader baa the 
misfortune to belong, our object will have been well.served. 
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CHAPTER I 


A BIRD’S-EYE VIEW 
An Invocation 

Sbvbrai. years ago in ihe stillness and haze of a winter’s morn— 
we crois^ a dangerous hill river in the hinterland of the Shan 
States of Burma, on a frail bamboo raft improvised on the spot 
for the purpose. For safety we relied upon a negligible capacity 
to swim in case of mishap. And we noticed that the bullock- 
drivers who accompained us, before driving their beasts of burden 
into the stream for the passage across, burnt incense on the 
branch of a wild maple and prayed for the safety of their cattle 
—and presumably of^themselves. 

We thought that the bullock-drivers fell much safer thaa we 
didi there being all the difference between a raft and a prayer, 
even though we had never prayed (except during childhood when 
we hoped tliat the mathematics teacher would have his turn of 
the ague, or that at the very least, his bicycle would be e/Tectively 
punctured). We cannot tell whether the prayer would have made 
much of A difference to the mighty Namyau* if ary of us, mao 
or beast, had been put on trial. But the invocation,.which is 
custonary when embarking upon auspicious or hazardous mis¬ 
sions, seemed to help and to give added strength. Today we 
find ourselves much in the position of those bullock-drivers, 
and in embarking upon the hazards of a work of this nature, 
we invoke to our aid the spirit of the noblest fossils, from 
the insigniheant cockle-shells to the great dinosaurs and the 
multitude of our own ape«like ancestors, lying buried deep 
within the bosom of the earth, since aeons past. 

After this invocation, a custom sunk deq> in our core by 
ancient tradition, we may commence our story—a panoramic 
review of the episode of man’s evolution —with a warning. For 
we promise to make an honest attempt to tcU the truth, 
whidi, as you know, is often bitter. Therefore, my dear reader, 
if you think a lot of yourself and are unable to face disillusion- 
m^t, probe no further into these pages. 

'Sbas, nam » water, >«» — big, therefore, Uteially, Big Water or Big lUver. 
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MAN IN BVOLUTXON 


Our Principal A n cpstors 

Man being his own historian, his own biographer, his own 
judge and jury, has placed himself upon a high pedestal, and even 
upon ihe altar of divinity. But the facts of science tell us, as you 
will see in the pages to follow, that man, being a mammal, had 
reptiles as his ancestors (this is the Class^ to which snakes, lizards 
and crocodiles belong). His earlier relatives were amphibians, 
animals that can live both in water and on dry land, of which 
the frog is the most familiar example. And his still more remote 
ancestors were, in unbroken succession: fishes, lancelct-iike 
forms (classed with the chordates), relations of sea-urchins and 
wa-anemones, coelcnlerates and, finally, minute single-cell^ 
organisms, the protozoa—an ancestry as proud as any one could 
wish or hope for (Fig. 1). Among these, the modern 
lanceleta are regarded as relations of the forerunners of the 
vertebrates or even as the most primitive vertebrates themselves. 
They belong to one of the most interesting groups of the Animal 
Kingdom- Their twin brothers are the tunicates, also known as 
the ‘B«a»potatoes’ or ‘sea-squirts’, which are degenerate members 
of the same group of ‘chordates*, the larval stages of which 
have been found to resemble the hypothetical ancestors of man 
on the early chordate level. About all these we shall have 
more to say later. 

These major groups have survived through great spans of 
time, covering millions of years. Compared to these, the total 
period of man’s existence on the earth—about a million years 

_ 18 but a fleeting moment. (Sec Fig. 2 which illustrates the 

tim^ranges of the major vertebrate groups). 


The Beginning of L^e: a Probable Cause 
Now to go to a step backward, one may reasonably enqtiire. 
What are the essential conditions of life? What is it that separates 

‘AntoAl iDd plitfit life i» clagiftort mw of wyiAg iaportfi^ upo# lb© 
ten of dg mibn Ceife© of tbeir rolaiiowlA. Tbew group* to d«ce»^ 
«St : Kinriom. tSimiti, Ow, Order, funOy, C«uj tad Speo«. Tt» cwo 
Ktoadom tX divrfedieto•evert! Phyto,eediPbyhimiato O ai w e,otA Cto joto 
OrOu ioio FuniliM, acd so on. TtBU, ou belooo to Uw Kiogoou 
Af^ntSta (Animal Kiagdoc^, tbylm CWsro. Oaa Uammdio, Order Frlma/ts, 
PtanUv H<mtueAat, 0«u» and Speoe© Bomo »ap^~ Tht ttanpafizee. o» 
of the wtbropoid ot man-tike apea, is bouj)^ ^ 

Older as maa, bnt tbocafler divogea and is classed to the Fstmy Pwetaoi, QmM 
Foil and Spedo Fan cfiimpmse. This clawificatioo eapreasea ^ dagieo of tato- 
tioDahip between the two, which is th© mam purpose of all elassucttuns. 















A BJRD’s-BYe vrew 


3 


rCAtOD AND DATC OF OKlOlN 
IK ySARS C. 


MODKRN MAN 


Ho/no sapierts 


U. Plebtocene 

100,000 


NEANDERTHAL OROUP 

KSAMMItTHAL MAH 

L Pkisiocenc 

450,000 


PITHECANTHROPUS GROUP 

JAVA APa MAK 

L. PleJaloceoe 

550,000 

SUB-MEN 

Neartil approach to ao^alled 
*fniwlim-llnk,* a.g., 
AuifreTopil/i^s 
PUiiantkropui 

U. Pliocane 

3 million 

ANTHROPOID 

APES 

Large Apes 

L. Miocene 

25 " 

Small Apee 

L- Oligocene 

35 M 

TAHSIERS 

Early Primalee 

L. Eocena 

55 *• 

TREU-SHREWS 

Now generally included 

In the Primaiee 

Palaeoeane 

65 •• 

INSBCTfVORES 

Primitive placental mammala 
e.g., bedgeboga or ahrev,! 

U. Cwaceoua 

80 •• 

MAMMALS 


U. Trbu 

160 M 

REPTILES 


U. Carboniferoui 

210 •• 

AMPHIBIA 


U* Devonian 

260 ** 

FISHES 


U« OrdevIcJaa 

380 H 


LANCELBT-UKE Jmphloxut. The 

FORMS kAOwn fowii rom is 

Jemcyflus. 

FORERUNNERS OF 
SEA-URCHINS 


COELENTERATA 


FROTOZOA 


Microscopic, uakelliil&r 
OTgadsfOS. 


These ero all unkoowo 
in the fossil stale, enapt 
Jvtayflut {U. Siluriaa) of 
about 325 mlUioo yiin 
igo. Ttiey would ban 
oris^ted in stcctuiPtfy 
earlier Unwe, conmh 
cifif about 400 afflofl 
yeaft ago. Xbe earB^ 
fonM Cnoto»e) vpedi- 
«d at lease iOO luliOB 
yean book. 


1, Maa's ^amity-txee* for tbe last 500,000,000 yean, being a bird’s*^ view 
^ Uh» major sMfe in avokiTloo. Aocseiral stagm pnor to abe PIsbea «to 
bmetf S 0 ti^ upon ambiyological evideoce. 



4 


MAN IN BVOLUTION 


the living from the non-living ? Where exactly can we draw the 
dividing line between the two? In short, ultimately, we want to 
discover Che cause of life. Answers to these questions, except the 
last, are not far to seek, for it is clear that all living beings take 
in and assimilate other matter as food, or, as we say in the case of 
the higher animals, they eat. As a result of this they grow, and, 
at maturity they reproduce, that is, give birth to their own kind. 
A stone or a piece of dead bark will not eat, will not grow, nor 
will it reproduce. A railway engine, even if she takes in coal and 
water, does not assimilate them, nor does she grow, and even if 
she runs faster than the fastest sprinter and whistles louder than 
the most practised whistler, she has certainly never been known to 
give birth to a baby engine \ Although certain mineral crystals 
are known, in a sense, to assimilate matter of their own kind 
and grow {and even to ‘twjn’l),‘ yet they cannot reproduce. 
Thus, to repeat, it is in the nature of living beings alone to eat, 
to grow and to reproduce Cheir own kind. 

But the question of all questions is, How did living beings 
acquire these qualities; in short, how did they acquire life 7 
Frankly, Co answer this question needs not only the skill of the 
scientist, his observation and experiment, but also the inspiration 
of the philosopher and the poet, and it has not been adequately 
answered yet. 

However, to give such suggestions as the scientist has been 
able to put forward, the immediate physical cause was perhaps 
a relatively simple one, and such as the scientist might one day 
be able to reproduce in a test-tube. This of course describes 
merely the possibly physical basis of life. That life is a peculiar 
phenomenon from the philosophical and spiritual point of view 
is amply demonstrated by its having a purpose. Science cannot 
explain this aspect of life so that there is ample scope left for 
the views of the philosophers. 

It is suggested, then, that from the physical point of view 
life began with some unusual chemical combination in the water 
(not on land) at a time when the general conditions of the globe 
were presumably diiTerent, though it is not known exactly how 
or in what direction, from those obtaining today; nor is there 

*Tlu9 u a $C3enUac tern usee to defiM certain miners] er^staJa a( ideoUcsl 
shape which 8oinetii7)«a grow in psira Uioash Is phynCAl continuity '^th efidi 
otbn. The pheBomeooD is knowe as ‘rwiimias'. 
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MAN IN BVOtUTION 


any proof thereof. It is, at any rale, probable that at some 
early stage in the earth's history one of the stable chemical 
compounds was able to assimilate other matter as food, that 
is, to eat, and to build up more of itself. Thus one of the 
essentials of life was acquired. To grow was a natural 
corollary. Scientists have even been able to produce in the labo¬ 
ratory chemical compounds which have much of the semblance 
of living organisms, but which are unable to reproduce them¬ 
selves. How, at the dawn of time, similar specks of matter began 
to assimilate food and reproduce their own kind, and put 'life* 
into themselves is still a mystery which will probably remain 
unsolved for a long time yet. In short, this is a confession of 
defeat- And man, the philosopher and scientist, who in his un¬ 
restrained pride sometimes regards himself as the mightiest of 
the mighty, knows as little of whence life came, as he does of the 
Kingdoms beyond, whither all must inevitably travel when that 
glorious and divine spark called Life is extinguished into eternity, 
like the pale candle-flame by a mere whiff of the evening breeze I 
And, finally, if the reader were to enquire, Is new life coming 
into existence today? the answer is, Who can tell? It is, 
however, quite conceivable that life took shape more than just 
once, and if so, it seems possible that new forms of life are, 
under favourable conditions, even now being created. 


Origin of the Earth and other Planets 

The earth was the stage where the great drama of man’s evo* 
lution was enacted and where man's destiny is being decided 
today. Now we may pertinently enquire, V/bat was the shape 
and form of the earth and its physical condition, prior to the 
ooaunencement of life upon it? To answer this Vf^ shall first 
consider two of the popular hypotheses concerning the origin 
of the earth and other planets. 

The Gerinan philosopher Immanuel Kant suggested, in 1754- 
55, that in its original stale matter was cold, and filled the 
universe like a cloud. Gradually as the result of gravity, parts 
of it collected round a centre and finally developed into the 
sun. Other planets and various heavenly bodies were similarly 
formed, and in travelling towards this centre they began to rotate. 
Kant argued that the contraction of the sun gave rise to its heat 


A BIRD'S-EYfl VIEW 


1 


Later, in 1796, the celebrated astronomer Laplace came to 
the conclusion that the original nebula was a great mass of various 
hot gases, a part of which finally solidified into our planet by 
gradual cooling. Some, however, believe that it may have 
consisted of myriads of small metallic particles, among them 
iron and nickel, still in a very finely divided form. The nebulae 



1 (he cotuteliMiefl, HuAilng E»o 
0 miM* frera ihe e«rih. 

wtd eilMr pUmtf origlittCcd rrom r»bulM 
:iop. A vul number of nebvlM Kw been 
teleeeepea. 

are really masses of stars very far removed from our own cluster 
of sUfs, the Milky Way. The latter, if seen from one of those 
nebulae would probably appear as they appear to us. Nebulae 
can be seen even today through the telescope, in certain constel¬ 
lations of stars as, for example, in that of the Great Bear {Urm 
MQjor\ and in the constellation of the Hunting Dogs or 
Caws Venatid, in which cases the nebulae have a spiral shape 
<Fig. 3), Such star nebulae,, then, are made up of numeroiD . 
stats. The sun is just one of these stars and the earth a planet 
revolving round the sun. How was the earth formed? Laplace 


Pie. 3. The spiral Wblripeol Nebuls u 
VmericO, lO,OOa06CCO(XAOOQ,000,^ 
to tbe Nebular nypoiheeu tbe eartb 
by graeuiJ cc^ai lad eolidlAcai 
dlieovered by Ihe UM of poweeful 
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believed th&t the earth and the other planets were shed as rings 
by the roain gaseous mass owing to centrifugal forx and 
gradual shrinking, while the contracting mass of this parent 
formed the sun. After separating from it, the earth cooled still 
further, till the temperature was sufficiently low to permit 
moisture to condense, clouds to form, thunder and lightning to 
enliven the monotony of primaeval day. With it commenced 
the train of geological processes-^iaintegration of rocks, their 
deposition as clay, sandstone, gravel, conglomerate, limestone, 
etc., with which we are all familiar today. 

Another interesting theory concerning the earth's origin is 
embodied in the PJanetesimal Hypothesis. According to this 
view, which accepts the previous existence of the sun, the original 
earth was probably the result of an accident. It is believed that 
at some remote period a big star, possibly a comet, passed so 
dangerously close to the sun (wUch is, strictly speaking, just 
another star) that it resulted in the parti^ disintegration of the 
sun owing to the tidal pull exerted by the big star or comet. 
This gave rise to a number of small masses—the 'planetesimats' 
or small planets—composed of solid particles. These constituted 
the cores of the planets. They began to rotate at very high 
speeds round the sun and, after cooling, formed the earth and 
other planets. 

Incidentally it may be mentioned that some people believe 
the moon itself was a part of the earth and was separated from 
it by a similar tidal pull in earlier times and that she originally 
occupied the basin of the Pacific Ocean. The void left by the 
departure of the moon (whose volume fits almost ideally into 
the Pacific basin) was filled by the ocean waters 1 Some say 
that this happened as late as the end of the Cretaceous period^. 
There is, however, no geological evidence in support of this 
view, for events of such magnitude would be expected to produce 
vast cataclysms, leaving their trail behind, and to refiect them¬ 
selves in the changed panorama of contemporary life. Although 
the end of the Cretaceous period about 60 million years ago does 
mark an epoch when many of the huge dinosaurs of the Mesozoic 
era met their doom, when many plant forms saw their 
decline, even though the flowering plants came into promin«ice 

'This is one of ibe subdivisions of z^logieal Ume. The sizniflcance of (b«$e 
divUioos is expleiaed more full^ Ixici. 
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when the mighty Himalayas began their effort to peep above 
the level of the sea, and when sheets of burning lava thousands 
of feet thick were poured out from the bowels of the earth, 
the entire region of the present Deccan plateau becoming one 
vast sea of lava; yet these phenomena were not of sufficient 
intensity to be accounted for by the birth of (he moon from the 
womb of the earth. 

If the moon formed a part of the earth at any stage, she must 
have departed from the earth much earlier than the Cretaceops 
period, possibly at a time when the earth was still in a semi* 
molten condition, long prior to the inception of life on the globe. 

Whatever may be its origin, judging from the present condition 
of the earth, neither the geologist nor the astronomer can find 
evidence in support of the Nebular or Planetesimal hypotheses 
and these and other theories about the origin of the earth belong, 
to the realm of scientific speculation. 

The most recent theory which explains the origin of the earth 
and other planers and also of the stars is that proposed by the 
mathematicians, F. Hoyle and A. Lyttleion, both of Cambddge 
University. It goes to their credit that at the time they put forward 
their new and revolutionary ideas (1937), Hoyle was only 
twenty-two and Lyttleton twenty-five. 

In order to gain a clear understanding of their views, it is 
essential to explain certain basic principles. Firstly, k is known 
that the stars are composed mainly of the gas hydrogen and that 
their luminosity is the result of nuclear reaction which changes 
hydrogen into helium. Secondly, that while the stars are of 
fabulous dimensioDS, they contain but an infinitesimal portion 
of the total matter present in the universe. The remaining por¬ 
tion is diffused into space between the stars as interstellar matter. 
Indeed,' this interstellar matter can be actually seen as dark 
patches of varying shapes and sizes scattered in the universal 
space, including our Milky Way. According to Hoyle and Lyttle- 
toD, these vast iuterstellar hy^ogen clouds become denser and 
denser by the accumulation of more material which travels 
towards their centres by gravitational force. As a result, the 
temperature in these dense hydrogen masses becomes high enou^ 
to bring about nuclear reaction, changing hydrogen into hdium. 
These messes begin life as ordinary stars and may remain as 
such for many, many million years if they do not take in further 
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material. In such stars, which may be called stable» the amount 
of heat radiated just balances that escaping from their surface. 
To this category belong our sun and many stars that are seen 
in space- However, all stars are not stable and many collect 
much larger quantities of interstellar hydrogen than is good for 
them, 80 to speak. The result is that they burn up much faster 
than the stable stars. This brings about nuclear reactions and 
produces temperatures which are far above (about three hundred 
times) that of the sun. At the same time, heavier elements such 
as iron and uranium are formed. It is evident that such nuclear 
reactions result in considerable dissipation of energy on account 
of which the star contracts and finally collapses with a sudden 
explosion. A very important point to bear in mind is that the 
contracted star revolves at a speed far greater than that of the 
sun. The full significance of this will be apparent presently. 
Such stars which go through the stages explained above and 
which finally burst give rise to supernovae. Nothing remains of 
them after the explosion but an insignificant white nucleus. 

It will interest the reader to know that such supernovae are 
believed to have occurred twice within the span of historic times. 
One of these was seen as a star in broad daylight for several days 
in 1572, and was discovered by Tycho Brahe. The other was 
noticed in China and Japan as early as a.d. 1054. 

Let us see bow the origin of the planets is connected with 
these supernovae. 

Astronomers tell us that about half the number of stare that are 
visible belong to binary sysrem^-^meaning a pair of stars revolving 
around a common centre. Now if one of these stars follows 
the path of indiscretion and becomes a st^emova, its maior 
portion gets scattered into space as a result of the explosion, but 
a part of it remains within the influence of its more* discreet 
partner as a disc of enormous size. According to Hoyle and 
LytUeton, the plaacts and their satellites arise within euch discs 
by concentration and gradual cooling of the heavier parts of 
matter including iron and uramum which remain within the disc / 
and which, indeed, bring about the explosion of the star. The 
subsequent history of the planets needs no elaboration. Our 
present sun is considered to be the more discreet partner of one 
of these binary systems of stars, the planets, indnding the earth, 
bdng the result of the bursting of its companion star as already 
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explained. Since the planets revolve at much greater speeds 
than the sun, it is obvious that they could never have formed 
a part of it as some theories envisage, Indeed the explosion, 
as a result of which the planets were born, also explains the 
disparity between the speeds at which the sun and the planets 
revolve, the greater speed of the planets being due to the 
momentum which they received when their parent sUr (supernova) 
exploded. It has been estimated that the sun will last 50 billion 
years. Thereafter it will probably gain more heat and will annihi¬ 
late all life on the earth. It will ultimately become a mass without 
light, like its accompanying planets. According to Hoyle and 
Lyttleton, there should be thousands of planets scattered in space, 
derived trom supernovae that were once members of blriary systems. 
There seems no reason why many of these might not contain life 
in many ways similar to life on our own planet. But that is not 
a subject upon which we need to speculate here. 


Later Stages in Organic Evolution 

Factual records of events which happened in the distant past 
of the earth’s history are detected by the geologist who studies 
the rocks. But even the oldest rocks which contain definite 
traces of fossil organisms, which are at least 500 million years 
old, already suggest that conditions on the earth's surface were 
then not very different from wl?at they are today. There is, for 
instance, no clear indication even from the earliest known sedi¬ 
mentary or other rocks that the climate of this planet was at 
any stage very different from what obtains in our times. Indeed, 
all the evidence points to the fact that the physical phenomena 
called weather, were on the whole not less or greater in intensity 
in past geological tines than are similar phenomena today. 
The rain fell .as fast and furious or as gently as it does today, 
the ice formed under identical conditions, the wind swept i^t 
at the same speed as now, even though its prevalent direction 
might have been different owing to geographical differences. 

To return to our subject. In the aforementioned ‘family tree* 
(Fig. 1), in which unicellular organisms figure at the base of the 
stem and mammals (including the most highly evolved amot^ 
them, the Primates) form the topmost branches, ea^ group 
ts derived from a more primitive one that precedes it This is 
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qJso ike order of their appearance in geological history. This 
tact, as we shall see later, is of great importance, and has 
been deduced not only from a study of the succession of 
rocks found in different parts of the world, but also from a 
careful and critical investigation of the life-histories of different 
living animals, commencing with their embryonic stages, indeed 
our conceptions regarding our relationship with such primitive 
forms as the lancelets, sea-urchins, coelenterates and the protozoa, 
are based almost entirely upon embryology. To this we shall have 
to revert later, as it is the very foundation of the study of evolution. 

After the reptiles had given rise to the mammals, probably 
in Permian times, (the earliest known mammal, which incidentally 
is non-placental. dates only from the Upper Trias, say about 
]60,(XH),000 years back) there arose among the mammals, sometime 
between the Cretaceous and Eocene, a peculiar group of animals. 
This comprised none other than the tree-shrews—squirrel-like 
insect-eating mammalian forerunners of roan and of the other 
Primates Indeed, as the result of recent research, they are 
now included in the Primates themselves. These were preceded 
by the shrews or hedgehogs, whose modern representatives 
seem but little different from their Cretaceous forefathers, 
fossil remains of which have been recovered from the Gobi 
desert in Mongolia, From the tree-shrews arose in early 
Tertiary times (about 60,000,000 years ago), the Tarsioidea. 
These quaint little, jumping and tree-inhabiting animals have 
generally been regarded as the forerunners of the higher Primates, 
in which group scientists have included not only all the 
varieties of lemurs, monkeys and apes but man himself, it 
was from among these Primates that there arose, in course of 
time and by gradual evolution, a great variety of beings—half 
ape, half man—followed by others successive^ more man-Iikc 
than their predecessors. Thus numerous types of apes like 
Slvapilkecus and Dryopithecus, met with in the ^iwalik rocks 
of India and in Europe, and the interesting Australopithecus, a 
mao-like ape from Africa (regarded by some as a sub-mao) 
came into being. These fioally culmioated, along one line, 
in Nature's most domineering and egotistic product, modem 
man or Homo sapiens, the ‘wise’ as his scientific name c al l s him, 
ironically enough. Along other lines, similarly, evolved tn 
succession other types of Primates—the lemurs, the tailed 
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monkeys of the New and Old Worlds> the sinall anthropoid 
(man-like) apes such as the gibbon, and the large apes 
such as the gorilla, the chimpanzee and the orang-utan. The 
groups to which man and the modern apes respectively belong, 
however, arose from a common ancestor so that the apes ace 
to us not in the relation of father and son (so to speak), but of 
cousins. And this close kinship is expressed in the striking 
similarity between their embryos (Fig. 4), besides a host of 
other characters. 




Fif. 4. thd similiriiy between Uw human emb^o end that of another 

Prlinate, lower in the scale of evolotion, euueeitns their common aficwiry. 

tf, eob^ eftnao; b, of gibbon, one « ibe imaJler apee. Kota parti* 
cultrly the praence of a tall In both, b atill earlier embryonic tugee oi mao 
{d. Pl|.l7u) Ibe taJ ii even more prominent. (After Sehaka*ICelbel). 

There is yet another theory about the origin of mao which 
involves the various htiman races. It ia too fandfht to merit 
serious consideration. According to it, man in his diversity would 
not have origmated from one common ape-like ancestor, but 
the three principal races, White, Yellow and Black would 
have arisen independently—-the White race from some ancestor 
resembling the chimpanzee, the Yellow race from an ancestor 
similar to the orang-utan and the Black from a goriJla-like an¬ 
cestor. So that the human race would not merely have imhibed 
the qualities of one type of ape, but of three of its distinguished 
relatives I This view is, however, flatly contradicted by fossil 
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or palaeonlological evidence and is mentioned here only because 
of its humorous implications. 

Whatever may be its more recent ancestry, this much is certain ; 
that the Class to which man belongs—the mammals—has the 
reptiles for its ‘father’, the amphibians for its ‘grandfather’, the 
fishes for its ‘great-grandfather’, the lancelet-like forms for its 
‘great-great-grandfather’ (not to mention the 'sea-potatoes' or 
‘sea-squirts' which are the ‘great-great-great uncles'), the ancestral 
sea-urchin-lIkc forms for a much greater ‘great-great-grandfather’, 
and so on. We shall In due course give as much proof as 
scientists have been able to establish, that the family tree as planted 
above is soundly rooted; that even the ancestry of chose who 
suffer from the illusion of their exalted origin does not differ one 
iota from that delineated above. 

But need we be ashamed of our animal ancestry? Or rather, 
should not out understanding thereof inspire in us a new effort, 
a new hope that, since we have succeeded in leaving the worm¬ 
like forms behind, we can still aspire to something much higher 
and nobler than man—perhaps a kind of superman who will 
not only be able to unmask the buried secrets of past aeons, 
but also to fathom the unborn mysteries of the ftjturc, enabling 
him to mould the destiny of the human race provided of course, 
the atomic bomb does not interfere in an untimely manner 7 

Early Hindu Ideas on the Sequence of Life Groups 

Ideas concerning the relative order in which the vahous animal 
groups arose appear to have been vague or non-eustent in 
early times the world over. The ancient Hindus, however, 
seem to have established a fairly accurate sequence of the 
origin of various groups of living beings. At iu events they 
believed, as modem scientists do, that life probably began in 
the water and that fishes, amphibians and land animals followed 
in succession. This can be seen from charts* which can be pur¬ 
chased even today In picture shops, illustrating early Hindu 
mythology, reflecting their concepts about evolution. 

^Tbe»o charts repres«ot dilTereat pbaws of ovolueioo—mnAA ayfer (dabM), 
followed by iocAA envsr (amphibious repdlee, Uk« the turtle), tmar 

(r^neeaiiBi laod'Iivng mammeli), etc. It wiU be oodeed that the amphibiaae 
proper ut missed in the above s^eoce, thcnish in regard to the euceteaou— 
puc^ aquatic fonns Bvieg rise to ampblUous forms and tbeee last to 

S laad-Uviog forms. u»e sequence adopted in these chaiti 1 $ broadly correct 
; meeM-mih; iaM m turtle; wstnh * ^naa*lioD*; eWer—^uicariuliofl'). 
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But their ideas about tKe origin of man and woman are even 
more practical than those held by the ancient Babylonians, 
the Jews and the Christians who, although they rightly placed 
the creation of man last in the order of living beings, yet 
believed that God had to take some clay, instead of an ape-like 
form, to make man from. Is this perhaps a suitable allusion to 
man’s low moral qualities? However this may be. it is worth 
while to quote an adaptation from Lewis K. Hill, describing the 
Hindu legend which includes an interesting alternative for tire 
origin of the woman from Adam's riba, as contained in the 
religious legnds of Western Asia. He writes under the caption, 
“From the Beginning of Time":— 

‘Tn the beginning of lime, says an old legend from the Sanskrit, 
the god Tvashlri created the world. Out of the . elements he 
created the sun and moon and stars, the hills and forests, and 
hnally man himself. 

“AJl the solid elements were exhausted in the creation of man. 
So. when the time came to fashion woman, Tvashtri took the 
roundness of the moon, the curves of the creepers, the dining 
of the tendrils, the trembling of the grass, the slenderness of iht 
reed, the velvet of flower, the lightness of the leaf, the quick 
glance of the fawn, the brightness of the sun]s rays, the tears 
of the mist, the inconstancy of the wind, the timidity of the hare, 
the vanity of the pewock, the sweet of honey, the cruelty of the 
tiger, the warmth of fire, the chill of snow, the chatter of the jay, 
the cooing of the turtle dove. 

“All these be combined to make woman. And he gave hw 
to man. And man's days were fiUed with happiness, for now 
he had someone to share with him the pleasures of the world. 

“In the course of time, however, the man came to Tvashtri, 
saying, 'Lord, this creature that you have given me makes my 
life miserable. She chatters incessantly and teases me beyond., 
endurance, never leaving me alone. She requires incessant atten¬ 
tion and cries about nothing and is always idle, so I have come 
to give her back agab. I cannot live with her.’ 

“So Tv^tri took her back. But eight days later, the man 
was at Tvashwi’s door. 'Lord,' he said, ‘my life is lonely since 
the woman has gone. I remember how she danced with me, 
and bow she lau^ied and filled my heart with pleasure. I re¬ 
member how she clung to me, and how sweet and comforting 
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wa5 her presence when the sun went down, and the darkness 
surrounded me.’ 

“So Tvashtri returned the woman, but a month later the man 
again importuned him, 'My Lord/ he said, ‘1 cannot under- 
stand it, but I am sure the woman causes me more annoyance 
than pleasure- I beg you, Tvashtri, to take her away again.’ 

‘Go your way and do the beat you can,’ Tvashtri answered- 
‘But I cannot live with her,’ the man protested. 

'Nwther,' said the god, ‘can you live without her-’ “ 

And thus man and his fair counterpart came to be. 


CHAPTER TI 


THE GEOLOGICAL TIME-TABLE 

Comparison between Geological History and Human History 

i In order to place the subject of man's evolution in iU true 
i perspective, it is desirable to give the basis upon which the geo¬ 
logist founds his chronology or time-divisions, and to explain 
how he deciphers geological history, spanning time-intervals 
which baffle the imagination of men. This will also enable the 
reader to gain a clearer concept of the stages through which man 
has passed during the course of evolution, of the antiquity of 

• the human race, and of its place relatively to that of the other 
\ groups of animals in the geological time-table. Incidentally we 

• shall be able to elucidate the terms Trias. Cretaceous. Tertiary, 
I etc., indicating subdivisions of geological time, which we have 

been using without adequate explanation in the foregoiitg 
‘ chapter. 

’ As will presently appear, there is a remarkable similarity 
between the criteria by which the geologist separates his time- 
intervals or geological periods and the historian his historical 
I periods. Let us explain. 

> You must have ofUn seen along valleys and hillsides, layers 
of rocks or strata, resting one upon the other. Now it is one of 
' the fundamental principles of geology that, unless (he strata 
have been disturbed by natural forces (which has very olYen 
happened), each bed of rock is younger in age than the bed it 
overlies; that is, it was deposited later in time. The beds may 
! contain fossils, which are the remains of the animals and plants 
that lived during the period when these strata were being depo¬ 
sited, whether on land, in the open ocean, fresh-water lake, 
[ lagoon or land-locked sea, or other environmeiu. These fossils 

{ record the geological conditions of that period, its climate and 

! physical environment, for we know the present-day enviroomects 
I in which similar and closely related animals are living. They are, 
in fact, comparable to inscriptions and other records which 
the historian finds in andent monuments, or to bvied cities, 
and which bdp him in writing the history of the age to which 
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the monument belonged, or in which a particular city flourished. 
Each one of these strata is thus comparable to a leaf or even a 
chapter out of a book of history. Even the mineral content of 
these strata helps us in revealing the physical history of the period 
when they were being formed. There is, however, one difference, 
that while historical records are very of^en biassed and there* 
fore liable to misrepresent the truths fossils or minerals, having 
no caste, creed, colour or nationality, are impartial and honest, 
though sometimes puszling documents. A German fossil mol¬ 
lusc is no more a Social Democrat than one from Indian soil 
or from Pakistan has leanings towards any particular denomina¬ 
tion ; nor will a British cockle-shell necessarily vote for the 
Tories or a Spanish one for the most charming SeRorita. The 
facts of palaeontology and geology are, therefore, untainted 
truth, immutable and unalterable, and geological history Is in this 
respect more authentic and less liable to misinterpretation than 
the history of historians. 

The simile between human history and geological history may 
be carried further. It is well known that the reigns of various 
monarchs or dynasties or the advent of great historical events, 
like the rise of Ashoka's empire in India, the Renaissance in 
Italy, the American ^Var of Independence, the Russian Revolu¬ 
tion, the birth of the Indian Republic, serve to subdivide histo¬ 
rical time into periods by interrupting existing historical pro¬ 
gression. Now in precisely the same manner, the advent or 
extinction of certain animal or plant species, whose remains are 
preserved la ancient rocks as fossils, coupled with various geolo¬ 
gical events which interrupt fhe continuity of deposition of 
strata or of other geological processes, constitute landmarks in 
historical geology and serve as the basis for geological time- 
di>isioD$. Such events are, for example, the uplift Of an ocean-bed, 
or submergence of continental regions, or even the advent of 
glacial conditions, as at the commencement of the Pleistocene. 
If the commencement of a new historical era Is marked by the 
replacement of one great ruling dynas^ by another, or by a 
political revolution, the begmoing of each geological period is 
Ukewise marked by the extinction or decline of Animal groups 
vdifdi may have lived through millions of years; by the simid- 
taneous asc^dancy of other grou^; or by physical revolutions 
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of the glotw involving extensive readjustmoU between land 
and sea. 


A Parailel from Indian History 

Since this matter ii of fundamental importance, let u$ take 
a parallel from Indian history. In the manner in which the Indian 
historian defines the Hindu period, the Mughal period, the 
British period, each characterised by the political dominance 
of a certain racial group; so we have in historical geology the 
time-divisions : the Palaeozoic (or Primary), the Mesozoic (or 
Secondary), the Cainozoic (or Tertiary), progressing into the 
Pleistocene and Recent, each characterised by the dominance 
of certain animal groups—the dshes during the Palaeozoic, the 
reptiles during the Mesozoic and the mammals during the 
Tertiary (Fig. 5). 

The parallel fits to the last inch and, just as the historian finds 
the historical record becoming more and more obscure as he 
recedes into the dawn of history, so the geologist has to grope 
for clearer evidence in the haze of antiquity, far back in the 
fabulous depths of time. The reader will thus see that the geo¬ 
logist separates bis time-divisions in much the same manner 
as the historian does his. But with one more difference— 
that the historian has to deal with only about 2,000 years, whilst 
the geologist has to account for some^ing like 500 million years 
since life began; about 2,000 million years since the commence¬ 
ment of the Archaeozoic or the era of primaeval life, and 2,000 
million years since the Azoic (lifeless) era, taking us to the time 
prior to Che fonnation of the earth’s crust, which figure might be 
taken as the age of the earth. If years could ma^ alas, 
every geologist would be a millioDaire many tizBU over I 

Furthermore, if the historian can reconstruct the manners, 
social customs, form of government, and general conditions 
of a particular historical period from contemporary records, 
the geologist can equally determine from a study of the fossils 
and rocks found, the geography, climate, and temperature of 
that region; he can even estimate the depth and degree of salinity 
of an ocean which existed millioas of years ago. He can tell 
whether at any particular period of the earth’s history a certain 
part of the globe was a desert or covered by ice or was an ocean 
bed ; and this, when all the evidence available is no more than 
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a bed of shale—a heap of dust, unscented. We do know, for 
example, that during the Jurassic period the region of the present 
North Pole had a tropical climate and supported thick forests; 
that during the early Gondwana period, the South Pole was 
situated in the middle of the Indian Ocean, while the North 
Pole lay in the neighbourhood of Mexico. It is also thought 
that the North Pole, which lay in the region of the North Pacific 
during the earlier part of the Tertiary era, say about 50 million 
years ago. finally shifted, towards the close of the era, perhaps 
less chan 5 million years ago, to where it is today. This 
shifting of the Poles may have been connected with the uplift 
of the regions comprising Canada, Scandinavia and Greenland, 
parts of which in fact now constitute the North Polar zone. 
Likewise it is common knowledge that the island of Gf^at Britain 
suffered a tilt, for while its northern part was uplifted 100 ft. 
or more as the result of the removal of the load of ice which 
lay on these isles during the Great Ice Age, Southern Britain 
did not rise at all. 

The geologist can tell from a study of fossils and the struc* 
ture of rocks whether a great continent has foundered and 
disappeared into the bowels of the earth, or whether, by a 
reverse process, a continent has been born anew, and emerged 
from the ocean depths. A single fragment of a fossil is enough 
to tell us that Che beautiful highland of Gulmarg in Kashmir was 
uplifted in (geologically speaking) recent times, for the remains 
of plants and shells found in the Karewa deposits, seen over the 
golf course, definitely indicate a much warmer climate and 
therefore lower altitude than that at which Gulmarg lies today. 
It further tells us that the great Himalayan mountain range 
emerged from the Tetbys sea when Che ancient confix 
nent of Angaraland. which lay to the norch of it, pressed Che 
sea^boctom against the stable Indian Peninsular land-mass 
(a korst in geological parlance), and uplifted the soft sediments 
deposited in the sea-W to an extent of 16,000 ft. and more, 
above sea level I And the Himalayas are still rising, though at 
an infinitesimal rate. 

METHODS OF TlME-EEnMATION : THE AOE OP THE BARTH 

Figures in respect of the antiquity of the various races of 
living beings are truly staggering, though not even a paltry 
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million years have elapsed since die known adyeot of man on 
the earth. The earliest mammals appeared about 160 million years 
ago (Upper Trias); the reptiles about 210 million years ago 
(Upper Carboniferous); the amphibians at least 250 million years 
ago (Lower Carboniferous), or if we take into account the foot¬ 
print of TTiinopus, about 260 million years ago (Upper Devonian); 
the first known (jawlcss) fishes about 380 million years ago 
(Upper Ordovician), while considerably more than 500 million 
years have passed since the first dawn of life upon the ea^th^ 
If these figures are out by a day or two we must ask forbearance 
of the Shades of our noble fossils for we have no desire to upset 
their claim to ancient lineage. Nor must the reader feel bewil¬ 
dered if he finds apparent discrepancies between these estimates 
and the figures given in other publications, for there is as yet no 
finality about many of them, and estimates vary. 

The figures given above are the minimum figures, so that at 
least 500 •million years have elapsed since life first appeared. 
But how much further life's record extends into the still more 
remote past may never be known, for the ancient rocks which 
may have contained these remains have suffered so much from 
the effect of pressuie, heat and earth-movements, that all trace 
of organic existence has been obliterated. 

Now, the reader will surely ask, How can the geologist 
prove these claims when he talks so glibly in terms of millions 
of years, as if a few million years are of as little consequence as 
three score minutes to*the man who habitually walks late'into 
office as a matter of right and routine ? 

We are in duty bound to satisfy the reader’s curiosity. But 
before we proce^, let us clarify what exactly we mean when we 
speak of the age of the earth. It is obvious that there is no such 
thing as the absolute age of this planet, because there is no pre¬ 
cise date, year or even century when the earth was born, in the 
sense that we ordinarily understand it. Indeed, we are uncertain 
even as to the manner of her origin. So that all we can determine 
is the ages of the different strata whenever evidence is available; 
or we can determine the antiquity of the era in geological history 
when life began, which again probably covers several million 

18 McecMry to empbuize here tlut tfae vahou^ figunc given above ibould be 
reiarded u epprovmaie, tor although we know the durations of the mtjor geolo* 
gi^ periods, oaiing of events witfaiD their BubdIvUiODS must be somewbat srbl- 
trery, except where dererimulioosarebasediipoo Uie redloectivity method (p. 26 ). 
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years, for we cannot decide when exactly life first appeared. 
Or else we might fix the period when the first deposition of aque¬ 
ous rocks took place* though it is often wellnigh impossible to 
recognise them as such, owing to the vast changes they have 
undergone subsequent to their deposition. 

These are not the only difficulties. 

Lest we may appear to make a bigger claim than is warranted 
by facts, we would like to make it clear, that no method of esti- 
mating geological time has yet been found which is mathematically 
exact. All the methods we know of, yield results that can be easily 
olT the mark by a few million yean. What we can say is that 
we seem to be on the right track, and with the rapid advance 
of science, the methods may ultimately be improved so as to 
enable us to establish a reasonably accurate geological calendar, 
even it we cannot tell with precision whether the birthday of a 
certain Dinosaur fell on a Wednesday or a Saturday morning, 
in the year 100,000,000 and odd d.c. 

There are several methods of estimating geological time, some 
of which are described in the following paragraphs. 

The Geological Method 

This method U the simplest and it was one of the earliest to 
be employed in determining the ages of rocks. But it can be applied 
only to aqueous sediments, that is, those deposited in water. 

The geological column divided into ditTerent subdivisions 
(see Figs. 2 dc 5) is composed of strata of which the 
total thickness can be obtained by measuring sections (of these 
strata) exposed in different parts of the world, and by 
adding up the figures. Now if we were able to determine the 
average rate at which such sediments are b^ng deposited 
annually today, we could, by the simple rule of threci 
calculate not only the durations of the smaller subdivisions, 
but also of the m^jor geological eras, the Palaeozoic, 
the Mesozoic, the Tertiary and the Pleistocene, and even- 
tuaUy the age of the earth, that is,, its antiquity since 
deposition began. This has actually been done; for we have 
been able to measure the quantity of sediments brought down 
annually by the rivers and deposited in the oceans. Since 
the rate of deposition is known, the time taken in deposition 
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can be determined, for we can safely assume that this rate was 
the same in past geological times as it is today. 

These calculations ^ve a total discharge of 20,000 million 
tons of sediment annually and the total (maximum) thicknws 
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This method however yields estimates of lime which cer¬ 
tainly cannot be accepted today and are only of academic 
interest. This is due to the fact that the method has several 
limitations. Firstly, it is impossible to estimate accurately the 
total thickness of rocks in a particular subdivision. Some 
strata are bound to escape detection because no subdivision is 
represented in its entirety in any one locality, or even in any 
ooe country, and one has to complete the measurements by col¬ 
lecting data the world over, as in the above Table. 

A second dilficulty is that strata are not deposited in one 
continuous succession, but there are frequent breaks in deposi¬ 
tion—imoon/brm/r/w as the geologist calls them—which some¬ 
times cover millions of years and which have thus to be accounted 
for- Sometimes, of course, these gaps can be filled, for sucb 
breaks are not in all cases universal. This means that strata 
representing a gap in one locality or one country might be 
found in other regions. 
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A third difficulty is that the thickness of the ancient rocks, 
as we see them today, cannot be their originai thickness; for, 
as a result of compression due to earth-movements and the weight 
of overlying strata, this must have appreciably decreased. Further 
decrease in thickness must have resulted from their extensive 
weathering and denudation. Consequently, the method of time- 
estimation based upon thicknesses of strata gives us only the 
minimum and not the actual, or maximum, age of these rocks. 
And. in any case, as we have already stated, this method applies 
only to strata deposited in the water and gives no information 
about the age of thousands of feet of volcanic rocks which re¬ 
mained molten during cosmic time^ and which constituted the 
primaeval floor upon which the former were deposited. 


The Earth as a Coding Mass 

Towards the end of the last century the distinguished physicist, 
Lord Kelvin, attempted to estimate the age of the earth by 
determining the lime it should have taken to attain its present 
temperature, assuming it to be a cooling body. According to 
his calculations, into the details of which we need not enter here, 
he came to the conclusion that the process of cooling could not 
have begun more than 20 million years back and therefore 
this figure represented the age of the earth. {His tnaximum figure 
was 400 million years which he did not accept). His method took 
no account of the repeated glaciations experienced by the globe 
which suggested, contrary to assumption, that the rate of cooling 
had been scarcely uniform. Nor did he consider the influence 
of radioactive radiation. For these reasons, the result was 
an obvious under-estimate. We know that it was almost 
exactly one hundred times less than the figure which had been 
actually determined by other methods for some of the old^ 
known (Pre-Cambrian) rocks of the earth, namely about 2,000 

million years. . . ^ . 

How has this awe-inspiring figure been arrived at 7 wi^t 
is the experimental basis upon which it is founded 7 And why 
were Kcl’rin’s calculations so low ? These questions are an- 
swered in the following paragraphs. 

iCoaiwc time may be said W represMU that vaat interjl durins which 
ihe still in • molten or semi-moUen cenditioo. We hav« scarcely 

any conceptioo cf lie duration. 
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The Radloaciiviiy Method 

The main reason for this wide discrepancy was not known 
in Kelvin's day. This was the presence within the earth, 
of radioactive minerals like radium, hrst discovered by the 
Polish scientist, Madame Curie, in 1902. Though it is true 
that the quantities of radioactive minerals found in the 
earth's crust are extremely small, yet they have an enormous 
cumulative effect. Indeed, another physicist, Rayleigh, calcu¬ 
lated that the disintegration of these small quantities of radio¬ 
active minerals would produce sufficient heat to compensate in 
part for the cooling of the earth and that this would easily 
account for the wide discrepancy between the results obtained 
by his predecessor, Lord Kelvin, and the present-day estimates. 

It is the energy locked up within these radioactive minerals 
that is being utilised for atomic bombs. And (his energy derived 
from the fission of the nucleus or core of an atom is so colos¬ 
sal as to surpass all human imagination. Thus the splitting, or 
'nuclear fission’, of a single atom of uranium lets loose an am¬ 
ount of energy which is 200 million times the energy necessary 
to split that atom. And when it is realised that there are 
100 , 000 , 000 , 000 , 000 , 000 , 000,000 atoms in an ounce of uranium, 
the heaviest mineral so far known, the result of the explosion of a 
mere pound of Uranium*^ which yields explosive energy equal 
to that of about 10,000 tons of tnt, one of the most hi^ly 
explosive substances so far known, can well be imagined—or not. 

Small wonder then that one atomic bomb, containing a 
comparatively small quantity of radioactive substance has de¬ 
vastated a big town and either killed or permanently disabled 
80,000 persons in the twinkling of an eye. And it is said that 
there are enough atomic bombs today in the possession of civi¬ 
lised, freedomdoviog, humanitarian nations of the world to 
wipe out its entire populatiou if suitably and conveniently placed I 
Little did Madame Curie think what her singular discovery 
might lead to. Little does humanity realise what it is going to 
lead to. But personally we are all in favour of starting with a 
cleao slate, for the world-picture has become so confused that 
it is going to be difficult to rectify it! 

To come back to our point: measurement of geological 
with the aid of radioactive minerals appears to be the most 
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rcUable method so far discovered; but even this is not mathemati¬ 
cally exact, and, in any case, we have no means of checking its 
absolute accuracy. However, we know that this method does 
give us the correct relative ages of rocks. Thus the ages of 
Palaeozoic rocks deduced by the radioactive method are greater 
than those of Mesozoic rocks, while those of the latter are in 
turn greater than of the Tertiary rocka—a fact we definitely know 
from purely geological data. It is, therefore, clear that we are 
on the ri^t track, and if our results are still inaccurate, this 
might be ascribed to normal errors of experiment. 

ft is kno<^n that radioactive elements like radium, uranium 
and thorium disintegrate into successively simpler elements 
of smaller atomic weight, and that this change goes on continu¬ 
ously till a stable substance is formed, and no further disintegra¬ 
tion is possible. In the case of uranium, the stable substance is 
lead. This end-product is formed after eight atoms of helium gas 
have been lost from the uranium atom. It is assumed that after 
their genesis, both helium and lead remain entrapped within the 
parent rock, so that wc would know the relative quantities of 
uranium, helium and lead present in the rock. 

Now the rate at which this disintegration takes place, though 
slow, has been accurately determined. It is also known that the 
rate at which uranium changes into lead, as a result of the dis¬ 
charge of helium atoms from it, is constant, and that in all 
uranium-bearing minerals derived from rocks of the same 
geological age, the ratio of lead (Pb) to uranium (U) is likewise 
coDSUnt. It thus follows that if in any rock containing a uranium-^ 
bearing mineral the ratio of lead to uranium'(Pb/U) is known, 
the age of that rock can be determined by a simple equation. 

' As the matter is of exceptional interest it may be worth while 
to pve some details in a form which, we are sure, will not be too 
technical even for the layman. 

It is known from actual experiment that 

or ktd in 1 w 

7^,< 5!i gOT .. 
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Tbeccfore ihe stnount c( lead (Fb) produced by a ilvtn quantity of 
uranium, U* in T yenn can be denoted by the foKowcng equation : 


Pb 

Thii means that Ti or 
lime taken in number 
or yean to produce 
th« quantity ot lead 


T X U 
7.$SCMX)0,000 

^ X 7,600,000,000 yean 


Therefore when the lead-uranium ratio (Pb/U) in any 
uranium-bearing ctystal is known, we can determine T, which 
stands for the time in number of years since this crystal was 
formed; that is, we can determine the age of the crystal and 
Ipso facto the age of the rock in which the crystal originated. 

U is obvious that even this method cannot be exact, as we have 
to make two assumptions, which may or may not be justified. 
Firstly, we assume that the uranium-bearing mineral present 
in the rock was introduced into it at the time of its origin, and, 
secondly, that none of the helium or lead resulting from the 
disintegration of the uranium has escaped. Bearing these litni- 
tations in mind, the durations of the major geological subdivisions 
or eras, deduced from radioactive determinations, are as given 
below, in round figures 


OBOLMICAl T1Me>DIVUIONS 
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QuatvMry or Oreat Ice Afe 

0 10 1,000,000 

yoen 

Tertiary 

IjXtCMXX) to 60 , 000,000 

,« 
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M 
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*» 
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O 
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To give more precise figures, the oldest rocks are reported 
to occur in Huron Claim, Manitoba, Canada, and give 
an antiquity of 1,985 million years, or say, two thousand miDion 
years in round numbers. The origin of the earth might date 
back 3,000 million years or more. 

It will further loterest the reader to know that the age of the 
oldest known meteorites (those bright, fleet-footed messengers 
that visit our planet now and then from the worlds beyond) has 
^been determined upon this basis to be 6,800 million years. 
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Age-Determination by Radiocarbon Content 

We may refer here aJso to the Radiocarbon method. Though 
this is not likely to be applicable to time earlier than the 
late Pleistocene, it is, nevertheless, of value to archaeologists 
in dating the late Stone Age industries-when these are associated 
with fossil bones. The fundamental basis of this method is that 
ordinary carbon has a radioactive isotope C*. This isotope 
is derived from nitrogen by the action of cosmic rays at 
high altitudes and ia known to occur in carbon dioxide 
which is assimilated by plants, together with the radioactive 
isotope. After C'* enters into the composition of the plant, it 
changes into nitrogen, the proportion ofC** to O* decreasing 
at a known rate. The halMife period of O* is about 5,720 
years. These data give xis a basis for measuring age. However, 
since the quantity of C** in the plant is of an infinitesimal order, 
this method can only be used provided sufficient fossil material 
or wood and bone remains, such as occur in kitchen middens, 
are available. There Is reason to believe that age-determinations 
for the last 30,000 years arc possible by this method. 

The Astronomical Method 

In recent publications of great interest, the disdnguished 
geochronologist Zeuner, has given a lucid exposition of the 
various methods for the estimation of geological time. Among 
these he draws particular attention to the astronomical method 
of dating the climatic fluctuations which occurred during the 
Pleistocene. This method is based on the slight changes in the 
position of the earth and other phenomena, summed up under 
the term, Perturbations of the Orbit. 

The ‘perturbations’ upon which the astronomical method 
is based, are changes in the eccentricity of the earth’s orbit, 
the inclination of the earth’s axis (obliquity of the ecliptic) and 
the precession of the equinoxes. This last ‘perturbation’ isa “slight 
conical movement of the earth’s axis. It results in a slow shiftng 
of the cardinal points (spring equinox, summer solstice, autumn 
equinox, winter solstice), which delimit the seasons,” As a 
result of these ‘perturbations’, the amount of solar heat received 
by the e*th has varied in the past and caused lowering and 
raising of temperature. Although these changes axe minor aa 



30 


MAN IN BVOLUnON 


compared to the dimensions of the orbits', they nevertheless exert 
a profound influence upon the earth's climate, causing even ice 
conditions at intervals, such as during the Great lee Age. It 
must be further emphasized that whilst the climatic fluctuations 
due to changes in solar radiation are not so appreciable when 
we take only annual changes into consideration, they are enor¬ 
mous when computations are made over thousands of years. 
And what is equally important, these ‘perturbations' occur 
in cycles, that is, they possess a periodicity, which is 40,000 years 
for the obliquity of the earth's axis, 92,000 years for the eccen¬ 
tricity and 26,000 years for the precession of the equinoxes. 
These changes have been calculated for the past 1,000,000 years, 

This method was used first by Adhemar (1542) and then 
successively with modifications by Croll (1863) and Ball (1890). 
However, the scientific foundation of this method was laid by 
three famous mathematicians, Lagrange (1782), Leverrier (1843) 
and Stock well (1873), and it has achieved a considerable measure 
of success in so far as the last million years are concerned. It 
has not been possible to apply it successfully to more remote 
periods. 

The combined ^ects of the ‘perturbations’ were calculated 
by Pilgrim, Milankovitch and Michkovitch, Stockwell and 
others. Their data have been compared with those obtained (tom 
purely geological methods, and a remarkable correspondence 
between the two has been found in the case of areas where the 
geological record is complete, a correspondence which is un¬ 
likely to be due to pure chance. This suggests that the solar 
radiation data provide a reliable index of absolute age. 

For the purpose of dating, only changes in the radiation 
recMved in summer are, as a rule, considered for it is argued 
that the summer beat was largely responsible for the melting of 
the ice during the Ice Age. The geographical latitude bas to be 
considered also, a fact which was neglected by earlier workers 
in this field and which led to the refutation of their views. For 
example, 10,000 years age the amount of summer radiation 

’’nw peth et th« eanh axoimd (be iud (orbit)^»«s MaDetimce • v<fy 
Sattened ellipse sod it others itoioet a circle. Wbeo the ortut was a very 
acceotric ellipse, the earth was far removed from the sue for looa periods 
and, therefore, received much lass heat (thus eoolribiitijig towards wd conditions) i 
than (be orbit was iub<irealar. Astrotomaie have deiermiaed tbat there 
is a pariodid^iD these pfaeDomena, t' 
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received by the 65th degree of northern latitude equalled that 
received by 60® N today- But the summer radiation received 
by the same latitude 230,000 years ago was far less, equalling 
only that now received by 77“ N. Furthermore, one finds that 
the sequence of minima of summer radiation in the curve for 
N. lats. 65®, 55® and 45® shows a remarkable correspondence 
with the successive gladal periods in Europe as determined by 
the geological method, This will be obvious from the radiation 
curve for the last 600,000 years, which period covers the various 
phases. Glacial and Interglacial, of the Great lee Age. Counting 
before the present time, the radiation curve shows three summer 
minima between 25,000 years and 115,000 years, preceded by 
normal conditions which lasted for 60,000 years. Prior to this, 
there were two minima at 187,000 and 230.000 years, preceded 
again by a long interval of 190,000 years, corresponding to the 
Great Interglacial when normal conditions again prevailed. 
Still earlier, we find two minima at 435,000 years and 476,000 
years, preceded by normal conditions for 60,000 years, and 
again two minima at 550,000 years and 590,000 years. 

There is not only a dose correspondence between the radiation 
data and the chronology of the Pleistocene (which is significant) 
but even the durations of its various subdivisions, as determined 
by the gladologist Penck, give remarkably similar values. These 
weie based upon the rates of deposition of fiuvio-gladal gravels 
left by sheets of ice. He and Bruckner (1909) also determined 
the durations of the Interglacial periods by the amount of 
erosion sufiered by these glacial deposits. The value of 
Penck’s work is enhanced by the fact that his condusions 
were arrived at independently, for at the time he made his cal¬ 
culations he was not aware of the radiation data. Penck's figures 
compared with those derived from radiation data are as 
follows :— 
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DuradoQs based en 
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. These figures are in sufficiently good bgreeznent to be accepted 
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as a basis for the dating of the Pleistocene, that is, of the period of 
man's existence on the earth. They provide what one might call a 
‘skeleton chronology'. An object like a fossil bone or a prehistoric 
tool can, however, be dated by the astronomical method only 
if the climatic phase of the Pleistocene to which it belongs Is 
exactly known. Generally speaking the astronomical method is 
providing us with the necessary subdivisions for the last million 
years which the radioactivity method cannot. 

It may be noted that though the duration of the Great Ice 
Age as given above is 600,000 years, for ail practical purposes 
a duration of 1,000,000 years is accepted to include the lower 
subdivision of the Pleistocene, the Viliafranchian (seop. 103). 

The Glacial or Varve Method 

The varve method is essentially a variety of the geological 
method and like it, has only a limited application. It is 
based upon the fact that sand and mud arc carried by streams 
issuing from the ice fields and are laid down in ponds and lakes 
nearby. But the coarseness of the material transported varies 
with the season. Thus bands of coarse material are laid down in 
the lakes during summer when there is a great quantity of water in 
the streams owing to melting of ice and when its flow is rapid. 
These coarser bands alternate with fine clays or silts deposited 
during the winter when there is scarcely any water In the 
streams and the fine material suspended in the water has sufficient 
time to settle down. These alternating annual layers of silt and 
sand are known as varves. During the Ice Age, the process of 
varve formation was repeated year after year, century after cen¬ 
tury, varying perhaps in intensity, but always producing the same 
result—coarse bands alternating with finer silts and clays, each 
pair of bands {varves) representing a span of one year. The Swedish 
pologist, De Geer, counted the number of such glacial silt bands 
in Scandinavia. On the basis of these counts and other relevant 
data he estimated that the time which had elapsed since ;he 
Fourth and last ice sheet began to melt was about 18,000 years. 

As in the case of the geological method, there are serious limita¬ 
tions. Firstly, some of the finer bands are likely to be missed 
in the counting and, secondly, denudation may have, in fact 
must have, removed some of these layers. The countings of everf** 
the most complete series therefore give us minimum figures only. 
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The rndiait reader will be interested to know that such varve 
formations are exposed along the footpath which descends from 
.Golmarg and skirts the northern flank of Ihe hilJ facing the vale 
of Kashmir. These varves bear teetimpny to the former extension 
of ice in this region, fndeed there is sufficient evidence to indicate 
that there were three distinct periods of ice advance and retreat 
tn pans of Kashmir during the Great Ice Age. This subject has 
been dealt with in greater detail in a later chapter. 

Dating hy Trfe-Ring Analysis [Dsmlrochronolcgy). 

It would be appropriate to refer here to another method of age- 
determination, based upon tree-ring analysis. It relies on cycles 
of the year and sun spots. These affect the growth rings of trees 
which are the result of seasonal variations, each tree-ring repre¬ 
senting a year. Each of these rings is composed of large, thfn- 
walled cells added in the spring and smaller, thick-walled cells 
formed in the summer Since all trees of a particular area are 
affected in the same way, It is obvious that the outer growth rings 
of young trees would correspond to the inner growth rings of 
older trees. This gives us a method of correlating the two. Going 
backward, correlations can be made between modern trees and 
timber found in prehistoric sites or other buildings. A count of 
tree-rings of such a series gives us, after careful interpolation, the 
age of the historic or prehistoric timber and of its associated 
remains. This method has serious limitations, hoVt^ever, for it can 
apply only to the last two or three thousand years. It can, 
therefore, at best, be of some value in dating historical events or 
the later prehistoric phases. For details the reader should consult 
the publications referred to in the bibliography. 

Deiermination of the Ags of the Ocean/ram tts Salt 

Another interesting method of determining geological time, 
more exactly the time since deposition of strata first began, is 
by measuring the race at which the oceans acquired their salinity, 
li is assumed that all the oceanic salt was derived from the 
earth’s original crust, for rain-water does not contain any. Now 
if we know the* total quantity of sail in the oceans and the quan¬ 
tity of salt discharged annually into them by the rivers, the 
thne taken by the oceans to acquire their present salinity can be 
calctdated by simple division. 
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It has been estimated that the total salt in the oceans 
is of the order of 4,500,000 cubic miles, which means about 
16 , 000 , 000 , 000 , 000,000 tons of sodium*, to take only one com¬ 
ponent of salt, in order to simplify calculation. The quantity of 
sodium discharged annually into the oceans by the rivers has 
been measured and is known to be 158,000,000 tons- Thus the 
time that has elapsed since.deposition first began, is:— 

1^00p,0C^ . ^ I0).265j»0y«ri. 

I58,006JXIO {Annual oMihH of 

This figure, however, does not agree with the age deduced 
from the lead-uranium ratios, due undoubtedly to the fact that 
salt is incorporated in the deposits and, though subsequently 
redissolved, il forms no permanent addition to the oceanic salt. 
There are other factors, but we cannot enter into further details 
here, 

To sum up : the various methods employed to determine 
the age of the earth have yielded such divergent results as to 
leave scarcely any doubt that the premises upon which some 
of them are based are not sound enough and that there are com¬ 
plicating factors which, from the very nature of the problem, 
we have been unable to take into consideration. In particular, 
the methods based on the rate of cooling of the earth and 
on quantitative determination of oceanic salt are unsatis¬ 
factory. On the’other hand, tbe determination of the age of the 
earth by means of radioactive minerals is so far the most reliable 
way. 

^Common uiii composed of two elementi, tnd ihe gu cKlorine, lu 

chesnical formula being Nea whero N» HJindi for sodium wd a for chlortiw. 
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IDEAS OLD AND NEW 

The Layman puts a Question or Tw'O 

Even the man of science groping through ihfe haze of antiquity, 
through a labyrinth of often indistinct evidence, piecing together 
scattered remnants of fossil bones, looting for a clue here, a 
clue there, has but an imperfect knowledge of his own origin. 
It is, therefore, not surprising that the layman has ideas and 
queries of his own. There must be few geologists or palaeonto¬ 
logists who have not been faced with questions like these r 

“What is a fossil?" 

“When did life first appear on the earth?'* 

“When did man appear?" 

“What are stone implements?" 

“Has man descended from the apes?" 

“How has he lost his tail?" and so on. 

A brief reference to some of these questions has already been 
made in the foregoing pages. But if the layman is certain of 
anything, it is that man did once possess a fine uil, which he 
has managed to get rid of somehow or other, and this is the 
aspect of his existence he seems to feel most anxious about. 
While we shall deal with this interesting problem in some detail 
in a subsequent chapter, we may here first enquire what exactly 
is %.fassii For it is around fossils that the entire story of evolution 
is woven. Furthermore, the idea of evolution was developed 
gradually, and it will be worth while to enquire about the 
(Ranges through which the concept of evolution has passed. 

What is a Fossil ? 

To the ordinary person a fossil is nothing more than an organic 
object that has turned to ‘stone*, but to the scientist it is much 
more than that. To revert to an historical simile, the difference 
is as between finding in a curio shop an ancient clay tablet with 
an inscription and discovering the same thing buried in an 
atchaeological monument, a monument that may not only have 
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been erecied to house the inscription but which was perhaps 
moulded out of the very same clay as the inscription itself. In 
short, in the latter case we are enabled to conclude that the ins¬ 
cription as well as the monument svere contemporaneous, and 
we may even be able to determine the age of the one from the 
other, depending upon available data. 

A fossil may likewise be described as an organic object coming 
from a plant or animal that was alive at the very time when 
the rocks in which it now lies buried were actually being formed. 
For instance, a shell which the waves throw on to the sea-shore 
where it becomes covered with sand at the very, moment that 
you saw it being played about by the waves, is a h^ssil in a truer 
sense of’the term than, say, bonce of man that were artificially 
buried in strata that just happened to occur in the neigh¬ 
bourhood, and became fossilised therein. The shell fixes the 
age of the strata that entomb it and indirectly tells us of the 
physical conditions—climate, temperature, etc., that prevailed 
contemporaneously with it, whilst artificially buried bones do 
not (see p. 250). Thus according to the stria definition of an 
ordinary fossil, it is essciilial that the organic remains should 
have been buried by contemporaneous natural processes. 

From the foregoing it should not, however, be concluded 
that human and animal remains found in artificial burials are 
of no importance, for they, too, throw valuable light on evolu¬ 
tion, and in aoy case, remains of man and the higher vertebrates 
are rare enough not to be despised, whatever be theii mode of 
occurrence. They, too, are ‘fossils* but not generally contem¬ 
poraneous with the layers that contain them, and it is often a 
difficult matter to deterraiAC their age. 

Furthermore, it is not organic remains alone that are included 
in the term ‘fossil’, but even foot-prints or other impressions 
of animals and plants are regarded as such. By way of example, 
we may mention the impress of the first recorded tenestrial 
foot—that of the amphibian, Thinopus (Fig. 18 ), found in the 
Devonian rocks of America, to which reference has already been 
made. This archaic animal literally left its ,‘foot-prints on the 
sands of time* for we know the exact geological period, many 
million years past, when it took a stroll. 

Usually what is left of the substance of the once living being, 
mostly its hard parts, has changed its chemical compositiwt, 
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It will have turned into a substance like silica, or carbonate of 
lime, pyrites or ‘fool’s gold’, etc. Bones have often been changed 
into kinds of phosphates other than those which originally com¬ 
posed, them. In the process of foasilisation, cerfain chemical 
substances replace the original substance of the organic remains 
moUcuU by molevule so that even the minutest detail of stiuc* 
ture—so minute that only the highcst-power microscope can 
reveal it—is often preserved. 

Very rarely remains of extinct animals have been found buried 
in the ice of the northern latitudes and in the asphalt deposits of 
the United States of America in so line a state of preservation 
that not only the skin and hair, but also the flesh was there. 
Such was the case with the mammoth whose remains were found 
buried in the ice-lields of Eastern Siberia, near the banks of the 
Beresovka river. So perfect was the state of its pmervation 
that the dogs accompanying the Russian hunter who discovered 
it made a meal of its trunk! And yet this mammoth is in the 
truest sense a fossil. 

TH8 DEVELOPMENT OF OEOLOOICAL IDEAS IN 
THE WESTERN WORLD 

77ie Early Creek Philosophers 

In every age and every country men have arisen who were 
wiser and more observant than their fellow beings, and who by 
dint of intelligence and inspiration have sifted myth and romance 
from facts of history and science handed down the corridors of 
lime, and have given the world knowledge which appears won<ie^ 
fUl when viewed in retrospect. We may thus do justice by our 
past; for centuries ago our forefathers knew about the succession 
of Ages, the Slone Age, followed by the Copper Age, followed 
by the Bronze Age, followed by the Iron Age; and the eighteenth 
and nineteenth century scientists may be said to have merdy 
rediscovered this sequence. likewise twenty>three centuries ago, 
Aristotle, 384—322 B.C., revealed that the whales were to be clas¬ 
sed with the mammals and not with the fishes; that the common 
bat, though capable of flight like a bird, was not a bird at all, but 
a mammal like the whale, which is thus no more a fish in (he 
sciehtific sense of the term than your door-knob. This means 
that both the bat and the whale are more closely related to each 
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other and to man than to any bird or any fish; and the Greek 
sage who appears to have probed into the problems of evolution 
had established this more than three centuries before the Chris¬ 
tian era. But Aristotle knew much more—he 'knew that the 
distribution of land and sea had not remained unchanged« that 
certain regions which are now dry land were once covered by 
sea and that pans of oceanic regions had been land areas. Eariier 
still, Herodotus, 484 (?)—425 o.r., observed the remains of marine 
shells in the deserts around the Mediterranean Sea proving that 
this sea had had a wider extent in .past geological times. The 
great mathematician Pythagoras, 582—507 b.c., had however 
forestalled both Arisiotje and Herodotus, having already arrived 
at similar conclusions. Have we not, perhaps, given ourselves 
more credit than is our due ? 

European Ideas in the Sixteenth Century; 

Leonardo da Vinci: Mercati 

In Europe the first to suggest clear and correct views re¬ 
garding the true nature of fossils was, strangely enough, 
the artist Leonardo da Vinci, 1452*1519. This genius was 
not only a great painter but he was also an engineer and 
sculptor of repute and the sun-lit plains of Italy owe some 
of their waterways to him. When engaged on engineering 
projects, he made his first acquaintance with fossils, the 
nature of which he correctly interpreted, tn another field, the 
great Mercati ‘ of the sixteenth century was the first to discover 
the truth about stone implements, and assigned human origin 
to them. Previous to this, stone implements like scrapers, axes, 
anow*heads, etc., shaped by early man, were regarded as bolts 
from the blue, (be result of lightning and thunder—mere play¬ 
things of nature. 

The Calaclysrtxai Theory of Creation 

When we compare the scientific marvels of the present, whidi 
might, be called the Atomic Age, we shrug our shoulders at the 
ignorance prevailing only three score years ago. As we recede 
into history, the same story is repeated and marvels of yester¬ 
years seem but the child's-play of today. 

*Not CO b« confused wicb Mercator, tbe sixteenib century geo^rapber. 
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^5 them. Indeed, such ideas were prevalent as late as the cighteerUi 
and even the Dintteenlh centuries. It was believed, for example, 
that life was created periodically iu sudden spasms, each time 
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followed, after a while, by a deluge which buried all or almost 
all created beings, and that in the case of the last such catastro* 
phe only those who could swim and reach Noah’s Ark survivedi 
This is known as the Cataclysmal Theory of Creation. Often 
when fossils were unearthed, strange interpretations were given 
concerning them. Thus, we are told that the remains of a 
Miocene salamander (Fig. 6a) found in Europe were, actually 
thought to be those ofa ntan who lived at the time of the Deluge. 
This'man’ even received the name/fnnio di/uvii ora human 
being who had actually borne witness or testimony to the 
Deluge I Likewise, the vertebrae of a fossil reptile, the Ic/uhyo- 
saurus (Fig. 6b ) that lived long befot^ the human species had 
even appeared on the face of the earth, were graphically 
describe as “petrified vertebrae from the back of a man.” 

Indeed, bones of all types of animals were assigned to man. 
To quote from the American savant, R. S. Lull, “Huge ele> 
phantine bones were hung up in churches and other public 
places for the edification of the faithful, as they were supposed 
(0 be relics of the giants mentioned in the Bible. From them 
Henrion drew up tables showing the dimensions of our ante- 
del uvian forbears. In these Adam was recorded as 12.1 feet 

9 inches, and Eve as 118 feet 9 inches, and 9 lines tall !“—truly 
formidable products of a forgotten era whose survival would 
have placed the Food Minister In a serious dilemma today! 

It is equally well known that similar ideas continue today 
in the Indian countryside, and fossil remains of elephants are 
sometimes regarded as bones of demons I Similar ideas still 
prevail in many other lands. But it may be stated in fairness 
to all, that it was not only the man in the street who laboured 
under such queer ideas; for we are told that no leas an authority 
than Dr. John Lightfoot, Vice-Giancellorof Cambridge University, 
announced towards the middle of the seventeenth century that 
"Heaven and Earth. Centre and Circumference were made In 
the same instant of time, and clouds full of water, and man 
was created by the Trinity on the 2dth of October, 4(Xi4 s.c., 
at 9 o'clock in the morning.'* 

Even when clearer conceptions of the true nature of fossils 
became fairly well establish^, opposition, particularly in regard 

10 the nature*of human and anthropoid remains, persisted for 
a loog time. However, it may be said that generally conect 
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views concerning evolution and descent had become firmly 
established before the end of the eighteenth century, and the 
advent of LyelVs Principles of Geology (1832) rang the death- 
knell of the Cataclysmal Theory, while Darwin’s epoch-making 
work, The Origin of Species (1859) finally paved the way for the 
modern Ideas on evolutionary principles. There followed many 
other scientists who by their patience, industry and endeavour 
accumulated evidence supporting the momentous conclusions 
of the great masters, and who further wove this evidence into 
a pattern, a panorama showing the steps by which man arose to 
man's estate I 

THU DUVELOPMBNT OF GEOLOGICAL IDEAS IN THE EAST 

yiews of a Chinese Philosopher of ihe Twelfth Century 

Following the early Greek philosophers, after (he lapse of 
many centuries, a Chinese philosopher, Chu Hi (Tachu Hsi) 
probed into the secrets of fossils about the years a.d. 1131-1200. 
For the beneht of the reader, the words of the Chinese philoso¬ 
pher are given below*:— 

"On high mountains we often see shells of crustaceans and 
pearl oysters which look as if they have originated from the rock. 
Such rocks belong to the earth’s surface of a previous world- 
period. Crustaceans and pearl oysters are water dwellers. That 
which was deeply below has become above through Inversion. A 
most careful investigation of the matter would be worth while." 

In the above remarks the Chinese philosopher not only gives 
a correct interpretation of the nature of fossils but also forestalls 
(see our Italics) the theory of the origin of mountain ranges, 
from the ocean depths. 

We have already referred to Che ideas of the early Hindus fn 
regard to the major landmarks in organic evolution which were 
basically correct. They do not appear, however, to have devoted 
luudi attention to geological phenomena in genera), and apart 
from a knowledge of minerals, they were probably unaware 
of the correct nature of fossils and stone-implements. The 
same presumably applies to the early Arabs .Egyptians. 

'Prom a trazislaUon by Hslaricb HACkmonn ja Chtiusiscfif Phil^saphl€. p. asS. 
Muaicb, 1927. 
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This was probably due lo ihe fact that the East was given more 
to abstract thought while Europe was more inclined towards 
concrete ideas and things. But it must be confessed that very 
Utile information is available to us on this subject and in making 
the above statement we may have done the people of these lands 
an inju8tice> for their knowledge of other sciences, such as 
astronomy and mathematics, was truly fcmarkable. 


CHAPTER IV 


LANDMARKS IN EVOLUTION 

Man begins kis Career almost as a k^orm 
We may now give a more detailed idea of the successive steps in 
organic evolution that have led up to man. These have already 
been summarised earlier in Figs. 1 and 2. While we shall here 
confine ourselves to the majorevolutionary landmarks, an account 
of the various factors, such as Inheritance, the influence of en¬ 
vironment and more particularly the effect of the struggle for 
existence between individuals of the same species, which is perhaps 
most potent of all. will be dealt with in detail in ■ subsequent 
chapter entitled "The Vehicle of Evolution," 

At the beginning of the record of life 
about 500 million years ago, man was 
almost a worm, so to speak. (Some 
cynica would say that he is not much 
different from the worm now, in spite of 
his changed outline). That such were 
man’s ancient relations is known from 
the indelible impress the worm has left 
upon the sands of time, in the form 
of tracks and wormduhes in some of 
the oldest known Cambrian and even 
Pre-Cambfian aqueous rocks (Fig. 7) 

. -—an impress more indelible than that 
left by many a man who considered himself a genius. 

The earlier Pre-Cambrian rocks contain no remains of 
animals of a higher grade of evolution than the worms in any 
part of the globe and, therefore, they should regarded as 
our first recognisable relations. Indeed. dt« one time they were 
actually accepted as our direct ancestors. It wm knowm that 
the worms gave rise to the arthropods (which include insects', 
crabs and scorpiori-like forms), but it was further held that the 
scorpioQ-Uke arthropods subsequently gave rise to the fishes 
which do form a link in our direct line of descent. Morphological 
and embryologicai evidence has, however, accumulated to show 
ibat the arthropod ancestry of the fishes (and therefore of 
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ourselves) can no longer be accepted. Our direct ancestry prior to 
the fishes, is now traced through lancclet-like fomts- 
Above we have purposely used the word ‘recognisable’ for 
though indistinct traces of other* more primitive, organisms have 
been found, these are types with which the layman is not often 
familiar. And. in any case, we need not impress upon the reader 
that, besides having passed through a worm-like stage, he was 
during a still earlier part of his career a microbe—-a minute, 
creepy, unicellular organism (one of the Protozoa), recognisable 
only under the microscope with, a* high-power lens—and that, 
earlier still, life originated by accident or design, in a manner 
of which we have no clear conception. 


Our probabk Umcetei-Hkf Ancestors 


Taking the cue from the fact that the most primitive among 
the modern fishes are devoid of bones, and in place of a true 



Pl8< 6. The modern luncetn, AmpHhxus* e primUi«» living ehordaie^ eomulnm. 
tpokec of u B prwertebnue. Is • neer rtJativeof our very romoie snceetors. 

Diagrtmmtlic tongiiinJinB] Mellon ihowing/?, notochord; i, nerve cord, 
correeponddng reepec(ivel> ic ihe v«rtebrel column and ipinul cord of the 
higbw vectebeuee; d, dorsal fin-ray and brain. 

spine possess only an axis surrounded by bony material, it is 
believed that the forerunners of the lishes and, therefore, of all 
fhe vertebrates, are to be looked for in certain boneless ancestors 
resembling the modern lanoelets like Amphioxus, classed by 
zoologists among the chordates. The Amphioxus is a small, 
woim-like sea-creature about two inches in length, and lives 
near the shore. It ia compressed at the sides and tapers 
towards both extremities, being shaped like a thick spearhead 
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at one end. The feature which makes Amphioxiis so impor- 
tant is the presence of a sort of axis, an elastic rod 
(notochord), foreshadowing the spine of the vertebrates (Fig. 8). 
The notochord supports a nerve cord which functions like the 
spinal cord of the higher vertebrates. The presence of the noto¬ 
chord, spinal cord and other characters is thus very suggestive 



Fli 9 Ttw moei primitive fowll chordate le ft known, Jamoyllut kerhfcodi, of 
about 325 mifilon yust a*o (Upper Silurian). ^ 

a. «how» mouth, Mjeya, B; b, ibowj evm, B; Intosune, 1; notochord, N; 
body-muaci^ Mu. <An« Whito, iifflpliAeo). 

of the possibility that the higher vertebrates originated from such 
animals. And, indeed, some zoologists go so far as to include this 
insignificAnt worm-like animal Amphhxus, with nedtber limb nor 
skull, and a mere ganglion (globule of nerve-tissue) for a brain, 
in the vertebrates I 

Till as recently as 1946, no animal remains even remotely 
cesembling Amphioxus were known in the fossil state and oux 
knowledge of the probable ancestry of such an important group 
as the vertebrates rested solely upon living forms. This position 
was far from satisfactory. It was, therefore, fortunate that as 
a result of the brilliant work of a British palaeontologist. 
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White, a form which is apparently closely related to Mnfphio.xus 
and may be even ancestral to it, was brought to light. So perfect 
is its state of preservation that even the details of the structure 
of its muscles can be studied- And this despite the faclthatit was 
found in Upper Silurian (tudlovian) rocks which take us back 
about 325 million years. This animal, which has received the name 
JamoyHus kermixii (Fig. 9), was found by William McPherson in 
Scotland. It lay unnoticed for over ihirty years in the British 
Museum, for in those limes photographic and other technique 
had not sufficiently advanced to elucidate details of what then 
appeared to be poorly-preserved specimens. 

The form Jameyrius was an inhabitant of the muddy waters. 
It was much larger than Apiphhxus, attaining a length of 15-18 
cm. U was tubular in shape and possessed a fiatlcncd head, 
Urge, circular eyes, situated anteriorly, and a terminal mouth, 
The animal, which possessed only a frail inlernal skeleton with¬ 
out bony material, was furnished with four fiii-folds. two at 
the sides, one on the upper surface and a fourth situated poste¬ 
riorly, known as the anal-fin. The most important structure, 
the notochord, as al|o the impress of the intestine and the body 
muscles, are clearly seen in one of the fossil specimens. 

This interesting fossil, according to While, is “undoubtedly 
the most primitive of the 'vertebrate' series of which we have 
knowledge." Such forms come nearest to the most primitive 
representatives of the fishes and it is therefore believed that the 
fishes were derived from some forms resembling Jamoy/ius. 

There is another very interesting group of animals known as 
the tunicates', to which the so-called 'sea-potatoes’ or 'sea-squirts’ ' 
belong (Fig, 10). These are believed to be not very far 
removed from the direct line of descent of man. The sea^ 
squirts have a very peculiar history. When young, they look like 
small udpoles (Fig. 10 b) and at that stage they possess, like the 
lancelet, a notochord suggestive of the spine, and a rudimentary, 
tubular ncrvecord functioning like the spinal cord of the 
higher vertebrates. Very soon these tadpole-like young of the 
sea-squirt attach themselves to a rock by means of an adhesive 

’ The runicaw& uid lancebu are both grouped by zoologials in the cbordaiee 
because of ihe preaeece of the notochord, etc. The tuoicam are oftwi h«ma> 
pbrodii«> that ia. both aexee are found in the sarw individual In Um lancekts, 
the Kxce are separate though there is no ouCwaxd disiinctloa to indfoate this. 
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disc situated in the region of the moulh (Pig.* 10c) and 
become permanently fixed, their career of locomotion coming 
to a sudden and inglorious end. They then begin to grow and, 
on maturing, look more .like potatoes than anything else 
(Fig. lOo). At this stage they lose all trace of the notochord, and 
nervecord- The reader will thus see here a remarkable case 
of retrogression (going backward) where a race has placed its 
evolutionary vehicle in the reverse gear, so to aay. This is a 
phenomenon to which reference will be made again. 





Fif. 10. Th« 'wwQuIrt' or 'MO-potHo', onRof the lunlcawa (chordtte), ii different 
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In those tunicates which took the path of the vertebrates (if we 
accept this view) the axis, instead of being lost as m the sea- 
cuirts, became, on the contrary, more developed and nnally gave 
rise to the spine of the vertebrates, as first found in the true 
fishes Such then may have been the remou ancestry of the verte¬ 
brates, and if the aforementioned view , is correct, we have 
developed from a relative of the sea-potato 1 

Uncertain Origin of Vertebrates 

In spite of the discovery of Jamoytius, we do not really know 
when where or how exactly the vertebrates arose. Almost 
every’invertebrate group has been invoked at one time or another 
as ancestral to them. Apart from the ongm of the vertebra^ 
throu^ 'lancelet-like forms, much stiU remains unsolved. The 
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origin of the early chordaies themselves is still one of the unfa- 
Ihomed mysteries of evolution, into the inner secrets of which 
we have not yet been able to enter. At all events, we know 
that already in the latter paVt of the Ordovician period 
that is. in less than 150 million years of the beRummg of the 
records of life upon the giobc. the highest group of the Animal 
Kingdom, the vertebrates, had already appeared on the scene, 
almost in indecent haste! 

fiunnlng Fresh Water—a Major Incentive in EwIuTion 

The restless ocean teeming with life in Us millions was the 
theatre where the curtain was raised upon the opening scene 
of the great drama of human evolution, some 500 million years 
and more ago. But strange as it may seem, there is every reason 
to believe that the major landmarks in evolution—the rise of 
the fishes from lancelet«Iike forms, and.Of (ho amphibians from 
, the fishes—were the result of struggle in fast-running fresh water, 
not in the ocean depths. And this despite the fact that the moat 
primitive living members of these groups (the lancclets and the 
boneless fishes among the chordates) are mostly marine. Sup¬ 
porters of this theory argue (hat these are descendants of the 
original fresh-water inhabitants, and that they have returned to 
iht sea on account of competition and other environmental 
factors. The evidence upon which these views are based is 
varied, but we cannot deal with it here. It is however worth 
noting that the earliest fishes arc found in Ordovician fresh water 
sediments, while the amphibians were probably derived from 
cerUin fresh water fishes in (he Devonian—wr from marine 
forms. 

The First Animals to breathe Atmospheric Air 

While the vertebrates began to shape their destiny in the 
Ordovician, the end of the Silurian witnessed the rise of the first 
^r-breathing ariimals about 320 million years ago, Indeed so far 
as our present knowledge goes, the scorpions of the late Silurian 
were the first animals to breathe atmospheric air, and they have 
persisted with but little change up to the present day. The scor- 
piorjs, however, belong to the great group of the arthropods, 
(one of the most ancient among invertebrates) which 
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originated, in all probability, from the annelid worms. The arthro¬ 
pods beat (he vertebrates m the race for the unexplored surfaces 
of the continents. They learned to breathe dry air through 
I heir '"traches** long before the vertebrates acquired their lungs. 
It was. however, not till the Middle Devonian, about 280 million 
years ago, that the first air-breathing vertebrates, the so-called 
lung-fishes appeared. 

With the dawn of the Carboniferous period, and even earlier, 
in late Devonian times about 260 million years ago, a great 
change came over the course of evolution of freshwater verte¬ 
brates. Some Ashes, forsaking their primaeval aquatic home 
began gradually to adapt themselves to a land-living habit, and 
underwent remarkable changes. In fact, they developed true 
lungs for breathing atmospheric air and gave rise to descendants 
with limbs suitable for terrestrial locomotion. Of course, these 
changes were accompanied by other, equally revolutionary, 
changes in their physical make-up. Thus arose from the Ashes 
the group known as amphibians, some members of which spend 
a part of their life-history in water, like the tadpole stage of the 
frog, and are capable, when fully grown, both of terrestrial and 
aquatic existence. This characteristic gives them their name 
amphibian, from the Greek, amphi « both, bios * life, meaning 
capable of a double mode of life. How this remarkable transfor¬ 
mation took place will be explained presently. 


CLAIMANTS AMONG FISHES TO AMPHIBTAN ANCESTRY 
The Osiracodem and Flacoderm Fishes 

The question may now be asked as to which particular group 
of Aslies gave rise to the Amphibia. Questions of this kind 
require a great deal of technical detail for a satisfactory answer. 
We cannot, however, afford to enter into complex technicalities 
in a work of this nature and, therefore, it is proposed to give only 
a broad survey of facts. 

One group of Ashes that is believed to be not far removed 
from the direct line of the higher vertebrates, is known as the 
ostracoderms, meaning fishes with bony skin (Fig. 11 ). These 
in certain respects resemble the arthropods superficially and the 
more advanced fishes in others. As their name suggests, the 
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ejcterior of the osiracoderms consisted of a bony case composed of 
plates, but they had no bony internal skeleton; nor did the oslra* 
coderms possess well developed paired fins, while in some cases 
such fins were altogether absent. These fishes arc now all extinct 
but they reigned supreme from the Upper Ordovician to Upper 
Devonian times, and during much of this long interval of over a 
hundred million years they were the only true veriebrales on the 
earth. 



FiL U. Ptunliive fUh« with Mieroel bony sk^etoM known u osirccodemu. 
which orisinticd in Ordovlden (Ims. 
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oeirtcoMftra era alt iawlece. They gave nee to the placodarm fiehea troir 
which ift turn the amphibkani are believM (o have aneen, 

Were the ostracoderms .the earliest among fishes? Evidence 
in regaM to this is not easily forthcoming. It seems improbable, 
however, that such was the case for it might be reasonably ex¬ 
pected that Che first fishes were completely devoid of hard parts, 
as arc the modern jawless, boneless, primitive lampreys, but these 
boneless denizens of the pre-Ordovician waters would not in any 
case have much chance of preservation. And it would only be 
a rare chance, like the find of the boneless Jamoyiius kerwobdi, 
that would lead to their discovery in the fossil state. 

Morphological evidence seems to point to the fact that it was 
from Che ostracoderms that the more advanced fishes, such as ^ 
the placodcrms (meaning plaled-skinned), descended, though so ‘ , 
far no form has come to light which might be d^nitely regarded 
as ancestral to the placoderms. However, apart from a detailed ; 
comparative study of these groups, the fact that the ostracoderms 
are on the whole geologically earlier, docs seem to indicate 
(though this cannot be taken as proof) that they gave rise to the ' 
placoderms. And it is from these placodenns, more particularly 
from th«r subdivision, the arthrodirea of the Xx)wer Devonian, 
that the ancestry of the amphibians is sometimea looked for. 
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The arlhrodires were fresh-water fishes, mainly occurring in the 
Lower Devonian, and they became extinct towards the close of 
Devonian limes. They have received this name because of their 
jointed necks. They possessed elements of an internal bony skele¬ 
ton and jaws which were more frequently cartilaginous, that is, 
composed of soft material as of ihe ears, than ossified (bony). 
Some of these fishes attained large size as, for example, Dimekthys, 
which measured 30 ft. in length. They showed a tendency on 
the whole towards adaptation from fresh water to marine condi¬ 
tions and from small to large size. 

The Crossopwyglons ond the Dipnoi or DoubU^breathing Fishes 

Another group of fishes from which the higher animals with 
backbones are likely to have descended are the crossopterygians 
or fringe-finned fishes. They have already a pair,each of shoulder 
fins and abdominal fins, the elements from which the limbs of 
land-living animals were to evolve. Irr some of their early descen¬ 
dants a new breathing apparatu.s had begun to form. These 

comprise the dipnoan fishes 
which possess lungs, as do the 
land-living animals. These 
fishes, fossils of which have 
been found, could breathe 
atmospheric air freely when 
the ponds in which they lived 
dried up. This, as we shall 
presently see, is an impor¬ 
tant step towards the evolu¬ 
tion of the amphibians. More¬ 
over, they possessed nostrils opening into the mouth, as 
amongst the advanced vertebrates, and thus could breathe air 
by means of both gills and lungs, which incidentally gives them 
their name Dipnoi, or double-breathing animals. 

A living representative of these dipnoan fishes.is the African 
Protopierus (Fig. 12), which burrows itself into soft mud when 
the mashes in which it fives dry up, and thus weathers the dry 
season till the habitat is replenished by rain. A point of equal 
interest is that it possesses long, slender fins with a bend in 
the middle (reminiscent of the limbs of the higher vertebrates) 



Fii. n. The living dipno&n, 

from Africt. Jt burrowi itinlt Into 
son mud when tM tnirslw in wfaieh 
. it livM di> up, this boirg the finl 
step towards sdnptatlon to life od 
]S2^. (AAer Miall). 
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upon which it sometimes appears to be walking under water. 
Another interesting dipnoan is the L^pidosiren, a lung fish from 



FiK. 13. Lefi/Aa/rtn. a dipnoan froir South America, The 'double flexure* )n ihc 
hind Umte of ihii fl&h corresponds to the knee end ankle joimi of ihe hf|her 
veriebnies, and repreeenis a stifle in ihe evolution of their limbs. The fore 
limbs are deflCnenite. (After Graham Kerr), 

South America which also has rather long, slender fins (Fig. 13). 

These fins are used to support the fish at the bottom of the pond, 



Pj|. J4. Ceraioduj, from AueiraUi. This flenus has survived since Triauk ilme» 
(hrouflb over 150 million years. (After Grehim Kerr). 


as if Standing upon a pair of legs, like the .Fro(oprem just referred \ 
to. In some respects a most important form is the dipnoan * 






m 


Pig. 15. Illustreies the fleneial lines of evolution of the limbs of vertebrates. 
A flrt-bone of the Upper Devonian Ash, Sauriprtrm (Adapted from 
Cretory); A bony ekeleten of riflhi fimb of £r>vM, a Permieo land-ihint 
empnibiin (After Greflory); c. skeleton of »hale *’no and i, of human band 
(A nor Beadntil). Noie ito flenerel simiUhiy of bone*peiterfie jn all—Ash, 
emi^iblan, aquaticmiounals aodneo. H <• humecus, R * radius, U — uloa. 


Cmtoius (Fig, 14) living today in parts of Tropical Australia. 
This fish has survived]^slnce Triassic times through a span 
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of over 150 million years. It may thus be correctly described 
as a ‘living fossil.' 

It will be observed that by various stages certain fishes 
had acquired a tendency to develop structures resembling the 
limbs of the higher vertebrates; the lines along which this was 
achieved are indicated in Fig. 15. At the same time, they also 



Fii IS. Mvpthclmus, a tih Hvlra in the rivers of trepictl Africa, waiki futer 
mm man aod climbs imt. It can survive out of ^tsr for long wiojk Thla 
mev b« contidMOd ai a funber atwnpl {ttK Pig. 12 above) co nvade ho Imd- 
redorik in which the aniphldmru have luccecded to a great ostcni. 
Beedmll). 


(After 


acquired the ability to breathe atmospheric air like the land-living 
animals. These characters are suggestive of intermediate steps 
between the fishes and amphibians. Of such forms the exti^ 
Sauripterus (with well-differentiated limb-bones) and the living 
teleostean Perlopthalmus, which climbs trees (Fig. 16), are good 
examples. In the same connection we may mention the climbing 
Perch of the Indian and African waters, which ashore by 
means of spines on its fins (Fig. 17). But it must be clearly 
understood that these and similar forms merely Ulustrale objec¬ 
tively the probable couree of evolution and they do not necessarily 
constitute the actual missing links themselves. Let us now see 
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how ihe fishes ultimately gave rise to the group of amphibians. 



fig. 17. The Gimbing Perch of India und Africa, walks ashore by rneans of spinet 
on ill Ana. (After BeadrMlI). 

THE RISE OP AMPHIDfANS FROM THE FISHES IN UPPER DEVONIAN TIMES 

Distinctive Characterlsilcs 

In shape and form the amphibians look a great deal like the 



PIg, 15, Fooiprini of the otdees known amphibian, Thi/KpM aviquus, ftofii the 
Upper Devonian ro^ of America. This it the earlleat known footprint of 
a vertebrate in geologtcaJ history. 

reptiles, but otherwise they are more akin to the fishes. Like 
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the latter, they possess a slimy skin and lay a multitude of eggs 
which arc invariably without shells. The small amount of food 
stored in them makes it obligatory for the young to hatch 
within a short interval of the eggs being laid. The amphibians are 
an unprogressive group today, nor have they played a dominant 
role in any period of the earth’s history, such as some other 
groups have. Their best known living representatives are the 
frogs, toads and newts. 

The earliest amphibian of which there is any record has been 
named Thinopus anfiquus (Fig. 18) and comes from the Upper 
Devonian formation of Pennsylvania (America). But we know 
this amphibian only from its footprint which, incidentally, records 
the oldest known vertebrate foot in geological history t Not only 
was the amphibian foot the first among those of the vertebrates 
to pace dry land (so far as our present knowledge goes), but the 
amphibians were probably the first animals to have a voice. 


The Early Amphibians: £v/Vewce of Fish Ancestry 

With the exception of Thinopus, known from the Devonian 
rocks, there was till recently no fossil record of an amphibian 



Pis 19. Eotyrlftus, One of ibe Mifly (Lower Carbonifewus) 

tin H?ath. (After modifled fton. 

Wttaon). 

from these or earUtr formations. Certain remains discovw^ 

within the last few years appear, however, to belong to ampm- 
bians and arc most intriguing. They are nevertheless somewhat 
problematical, for either their affinities or their age se^ un- 
wtain. As Romec puts it, “in one case ^e find is 
Devonian but doubtfully amphibian, m the other definitely 
amphibian but doubtfully Devonian.” 
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One of these finds is Eipisiostege from the Devonian of Canada. 
This fossil consists of a well-preserved skull which is intermediate 
in structure between the (crossopierygian) fishes and the amphi¬ 
bians* bearing a striking impress of both groups. It is only the 
relative importance of certain characteristics which weighs in 
favour of its being regarded as an amphibian. Without entering 
into technical details, it may be stated that the generalised cha¬ 
racter of llie E/pislosrege skull is seen in its proportions which 
are intermediate between those of the fishes and the amphibians. 

Certain other fossil skulls found in fresh-water beds in Green¬ 
land definitely belong to primitive amphibians, probably the 
earliest known so far. But it i$ by no means certain whether 
they are of Upper Devonian or Lower Carboniferous age. The 
high .and narrow skull of the Greenland form* fchihyosiega, 
measures about six inches in length. It was devoid of the oper¬ 
culum which covers the gills in fishes, and the front pan of the 
skull was more amphibian in proportions. However, certain 
other characteristics seem to indicate that Ichthyosrega was pro¬ 
bably a side branch of the stock from which the later amphibians 
developed, and not directly ancestral to them. 

Another early amphibian of which fossil remains have been 
found is a form to which the name Eogyririus is given {Fig. 19). 
It attained a length of as much as 15 feet and possessed a high 
and elongated skull but only rudimentary fish-like limba. Other 
fish-like characteristics of EogyHnus are the presence of spaces 
in the palate, and certain features which indicate that movement 
was still possible between the skull and the palate. In the trUe 
amphibians and other higher vertebrates the palate is securely 
joined to the skull and can no longer be moved. Remains of this 
form were found in rocks of Lower Carboniferous age, which 
means chat it lived about 250 million years ago. Eogyrimts 
and its close allies became extinct in early Permian times. 

Although Eogyrinus was a primitive amphibian, certain reptilian 
tendencies are already noticeable, particularly In the structure of 
the skull, even if not of the vertebrae. It appears to have represent¬ 
ed the stock from which many of the later amphibians arose. 
Many forms have been discovered in geologically younger deposits 
which recede more and more from their fish ancestry, as they 
come nearer to us in time. In short, they acquire greater and 
greater likeness to the true amphibians as we know them today. 
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If further proof were needed of the reUtionship between the 
fishes and amphibians, it is supplied by the fact that the early 
stages of even the most advanced members of the amphibians 
show considerable similarity with the adult fishes. For example, 
the amphibians pass through a fish-like stage—the tadpole— 
which, like the fish, cannot survive outside its aquatic home. 
And we might refer to Branchiosauru^^ (Rg, 20) of the Upper 



Kis 10 Bronfhlosaurus, lh 0 yeuni tiag* of 4 Low9r Porailtn amphlbitn snowing 
oxtemsl lilli, like ihe uepo1«. It ibo posMSsed Intsmsl gills. (Aftsr Sullmnn 
4nd wniiurd). 

Carboniferous and Permian times which bore a striking resem¬ 
blance to a tadpole. In fact, according to Romer, recent evidence 
shows that Branchhsaurus represents only the larval stage of an 
amphibian, not an adult. Geologically, the fact that there was a 
period in the earth’s history when there were fishes but no 
amphibians, gives additional support to the fish ancestry of 
amphibians, keeping in mind, of course, all other evidence of 
relationship and physical similarity. The aquatic ancestry of the 
amphibian is further emphasized by the fact that it cannot lay 
eggs on dryland. If it wants to lay an egg, it has. as a rule, to 
swim for it, to its ancestral aquatic environment—there is no 
getting away from that 1 At any rate, rhe e^ are so laid that 
on hatching, Ihe young, who have feathe^like giUs, fall direct 
into water. 

Before we leave this interesting subject we may refer to Afw- 
botrachus (Fig, 21). This is a small form, about two laches in 
length, and was found in the Carboniferous rocks of America. 
The structure of the skuh and vertebrae of this rather unique 
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animal indicates that it is probably an immediate ancestor of the 
frogs. Miobotrachus, however, looks much more like a tadpole 
than a frog, and might be said to represent in some respects an 
intermediate stage between a tailed amphibian and the tailless 
frog, 



Pig. 21. WohotrAthus, A Carbonir«roij.i Torm iniercnMiiite* beiwe«n the ted pole 
end the frog, end encceirtl to ihe frogs. It repreeenu e lUge in the evoluiion 
of such equttic forms es were t^ing lo eetebllsh themselvee on lend, ^riglnel 
about two inchM long (After Weieon). 

ARRIVAL OP man's RBPTlLE-URB ANCBSTORS 

Reptilfan Characteristics 

Change is the law of nature. Life is a dynamic, not a static 
phenomenon, and one might well expect to hnd that the amphi* 
bians, af^er they had established themselves and spUt into a 
number of groups, would produce a branch capable of higher 
evolution. This is what happened, for a most important modilica- 
tioR occurred, namely^ the gradual adaptation of certain amphibi¬ 
ans from the semi-aquatic mode of life, to life exclusively on land. 
In this manner the reptiles finally appeared in Upper Carboni¬ 
ferous times, about 210 million years ago. This is another of 
those most wonderful adaptive changes undergone by organic 
beings—the complete detachment from water and permanent 
adaptation to a land environment. Along with it, the habit of 
laying eggs on dry land was made possible by the development 
of the comparatively hard outer shell as a protective covering, 
which is absent in the amphibian egg. 

Such reptiles as favour an aquatic home have in fact return¬ 
ed to the water after a long period of life on land. This 
habit is therefore a secondary one, and. in any case, even 
the aquatic reptiles lay their eggs on land. The crocodiles 
and turtles are good examples. The reptilian egg possesses a 
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porous shell, and one of its internal membranes, the 
aHamios, performs the function of a lung, for by means of it 
oxygen is absorbed* and assimilated by the growing young. In 
the amphibians, it will be remembered, there is no outer shell- 
cover, and in contrast to the reptilian egg whiph contains a large 
amount of stored food-material (in the form of yolk and albumen), 
the amphibian egg has very little of it. The reptilian offspring 
is, therefore, well developed at birth and practically adjus¬ 
ted to Us permanent environment- The reptiles can be further 
distinguished by their better-developed brains, and, externally, 
by their skin, which Is not slimy as In the amphibians. 



Rg. 21. Coe^ps, t Lower Permlin imphlHim lYom America end one ofito eerlieet 
venabraiea to live on land. (After Abel). 

Among amphibians it was customary to distinguish one group 
known aa the Siegocephalia (meaning solid-headed) which origi¬ 
nated in Upper Devonian times. The greatest importance was 
attached to this group, for U was believed to have given rise to 
the next great Class of higher vertebrates, the reptiles, becoming 
itself extinct at the close of Triassic times. It was their solid- 
headed character, indicating that the skull-roof was completely 
covered by bone save for certain openings for the eyes and 
nostrils, which gave the Stegocephalia the prerogative of repti¬ 
lian ancestry, because some of the more primitive members of the 
reptiles possessed similar skulls. As an example we may mention 
Cacops (Fig. 22), one of the earliest of the Permo-Carboniferous 
land vertebrates which possessed a skull with such characteristics. 
Recent work has, however, shown that the division Stego¬ 
cephalia is a rather artificiar jumble of species, for it relates more 
to amphibians of a certain geological age than to inherent 
characteristics of any one group. 

How then did the true reptiles originate and what were their 
immediate forerunners? Let* us enquire. 
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Wat Seyf»ouria an Amphibian or a Reptile ? 

One of the most interesting forms which might give a clue to 
the ancestry of the reptiles was Seymouria of the Lower Penman 
(Fig. 23). It 'Stood at the frontier-post between the amphibia 
and the reptiles. A little under two feet in length, it ideally com¬ 
bined the structures of both groups, so much so that different 
authorities have from time to time classified it with one or 
the other group. Its skull resembled that of the amphibians 



F1|. 2$. Resioraiion of Ssynittfia, a Lewcr Permian replile (from Amerfcn) whkh 
reeembled tne amphlOiam in many re»pecu. (After Willisionk 


io that the intertemporal bone wa$ present, while the femur or 
thigh bone possessed certain characteristics of primitive reptiles. 
From the foregoing description it appears that in Seymour ia 
we are hot upon the track of the progenitors of the true reptiles. 

While Seymour la was transitional between the amphibians and 
reptiles, a number of other extinct forms are known which, even 
if they were primitive types, were nevertheless true reptiles. 
One of the most primitive of these was Umnoscelis from the 
Lower Permian of America. It was a carnivorous creature of 
medium size, attaining a length of approximately 5 feet. While 
the amphibians possess a somewhat flattened skull, even this 
primitive reptile had a relatively elongated and high one. Further¬ 
more, the number of bones in the lAmnoscelis skull was less than 
in the amphibians and this tendency (reduction in number of skull 
bones), continued in the more advanced reptiles and later on 
in the mammals. It may also be mentioned that some of the 
early reptUes possessed teeth in the palate or roof of the mouth. 
This feature is characteristic of the fishes but is sometimes 
found in the amphibians, which sheds much light upon the 
ancestry of these groups. It is also interesting to record that 
the vertebrae of Seymourla and Limnoscelis are similar, which 
shows that the latter which is morphologically more advanced, 
might have arisen from forms like Seymouria. 
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Our MammaUUke ReptUian Ancestors 

As we march forward into lime we see a diverse stock of 
reptiles developing from their Upper Carboniferous and Permian 
ancestors, a stock as varied in shape as it was adapted to diverse 
types of environment. One of these early reptile groups comprises 
the theriodonts or cynodonts which were confined to South 
Africa. This group is peculiar in that certain of its members 
began to develop after mammalian patterns, ultimately giving 
rise to the mammals themselves. The theriodont reptiles thus 
bear almost the same relation to the mammals, which Class they 
foreshadow, as the crossopterygian and dipnoan fishes do to 
the amphibians, whose origin they herald. 



RMlomtion of the 'n’lueJc nptlk Cynogwhut. 1i a pelvu 

im«nb]in| (hti of the iremniU. In this end lome other reepeeu ihi» form ii 
int«mM4k(e beiw«en the meminali and ihe rejMilee. (After GnsoT>). 

A reptile which bore particular resemblance to the mammals 
was Cynognaihus (Fig. 24 }. The resemblance is most marked 
in respect of the hip bone or pelvis^ which was like that of the 
mammals. It must be remembered that, except for the egg-lay¬ 
ing mammals, the monotremea (see p. 65), one fundamental 
difference between a reptile and a mammal is that the latter 
gives birth to living offspring, not an egg, and therefore the 
hip bone or pelvis had to become modified so as to support 
the unborn offspring in its mother's womb and to allow it to 
pass through in the act of birth. But while a pelvis suggestive 
of the mammalian type is found in Cynognatkus^ we do not 
wish to imply that the mammals arose from this particular 
animal, though we would not be far wrong in asserting that they 
arose from some form that bad many characteristics in common 
with Cyno^natkus. The m amm alian strain in Cynognathvs was 
equally noticeable in its limbs and well-differentiated teeth. The 
last characteristic is most important because typically the 
rqitilianleeth are not differentiated into molars, pre-molari, etc., 
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but art, on the contrary. fairJy uniform in pattern. Differentia¬ 
tion of teeth took place only in those reptiles which were 
making an attempt to ascend to the status of mammals. 

An equally interesting member of the theriodont reptiles 
is Che South African genus Nyihosaurus, which had a lower 
jaw like that of the reptiles, composed of several bonei, instead 
of a single bone, as ia the 
mammals, though its teeth 
were differentiated, at any 
rate functionally, into 
‘molars*, ‘canines* and 
'incisors’, somewhat after 
the mammalian pattern, as 
may be seen from Fig. 25. pig. 25 . Skull of »cynodont 

reptile. (After Broom, deleils omiued), 

Two early forms that may be regarded as travelling 
faster than many other forms towards the raaiumalian road, 
lived during the Upper Triassic period in America. They 
are known only from their jaw-bones and teeth and have 
been named Mlcroconodon (Fig. 26) and Dromaiherium. Else¬ 
where in this book attention is drawn to the importance of 
teeth in determining relationships and especially to the presence 
of cert a in tubercles or cusps on the upper surface of the molar 




Fig. 26. .Lefl m&ndibie (lower iaw>bone) of ibe reptile AHcwo/»thn, viewed 
iooer ude. Its deatkion is dilftrniLated ai In tfae etriy Tnammals. Tlie 
Bolan posues a protoewtt, poracortf end mtiocone, but Ihe jAw*bone ie 
composed of more lhan one eleoent, u in reptiles. (After WildeO, 


teeth of the mammals. On account of the presence of three to five 
cusps in Microconodon and Dromaiherium, combined with the fact 
that the jaw-bone was believed to consist of one single element 


LANDMARKS IN EVOLUTION 


63 


(not seven different bones which characterise the reptiles) these 
genera were assigned to the mammals- However, it has recenlJy 
been shown that the lower jdw>bone consists of dilTerent elements 
and not one single bone, which proves that both these genera 
belong to the reptiles and not to mammals. Microconodon and 
Drcmalhenum may thus be considered as undifferentiated or 
generalised reptile-like forms that were earnestly aspiring 
towards mammalian status. 

Primitive, noi Advanced Members an Animal Group 
Give Rise to Other Groups 

Even though the fact is fairly apparent from the foregoing 
paragraphs, we might stress that it is not the most advanced 
member of a group which gives rise to the next succeeding group, 
It was, for example, not the most highly evolved amphibian that 
gave rise to the reptiles, not Che most highly evolved reptile 
that gave rise to the mammals, nor the most advanced Primate 
(as we shall see in due course) from which man originated. This 
distinction invariably went to the simpler, the less evolved and 
more generalised types which adapted themselves easily to 
new environments. For it is at (hat stage that an animal group 
is more pliable, more susceptible to changes of climate or other 
physical impacts, and even to inherent evolutionary trends, than 
when it has become specialised in a particular direction. Indeed 
this is evident from everyday life. A man past middle age 
when his habits are set, hates to be aroused at 5 o’clock in the 
morning, when he normally wakes up at 8. And however much 
his spouse may coax or threaten him, she rarely succeeds in 
preventing him reading the newspaper when she would have him 
discuss her domestic problems; or to persuade him to postpone 
the fixture at golf, in preference to— well, anything. Thus change 
at that advanced stage becomes almost an impossibility. Similarly 
an advanced (highly evolved) reptile could not change into any* 
thing but a still more advanced reptile—and certainly never into 
a mammal ! 

It is equally noteworthy that the more primitive the organism 
the greater is its capacity to survive accidents of life and even to 
regenerate parts of its body. Thus if you sever a man’s head, he 
will undoubtedly feel most uncomfortable, but will ceruinly never 
be able to regenerate another, while if the primitive fresh-water 
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creature Hydra is subjected to the same process, it readily pro¬ 
duces a new head, perhaps one wiser than the last- And the 
process can be repeated with impunity. In fact, evea if you 
divide the Hydra into several pieces, each becomes an inde¬ 
pendent individual, complete in all respects. To take another 
instance, you will rarely see a lobster with damaged legs for the 
simple reason that if one of them geU broken, another grows to 
lake its place. But such is certainly not the case with the vast 
majority of the hi^er animals. Some examples, however, exist. 
The most highly evolved animals to show this power of 
regeneration are the amphibia, in which lost legs are often 
replaced. Among the reptiles, the lizards, although they can no 
longer regenerate a complicated organ like a leg, but can at 
least grow another tail, like our common house-lizard. 

Thus, on the whole, pliability and capacity to change and even 
to regenerate, chafsclerises the more primitive and generalised 
groups among animals, which are well poised for evolutionary 
changes at the slightest pretext, and readily respond to external 
stimuli and inherent trends. 

In the end we may emphasize that, although there is diversity 
of pattern in cvolution,therc is. nevertheless, definite continuity in 
the processes involved, however dynamic they may be. Although 
we may not, from superficial examination, see much rcscmblanw 
between a segmented worm and an arthropod, between certain 
fishes and Stymrnvia, or between certain generalised reptiles 
and the primitive mammals, nevertheless a definite and connected 
line of relationship runs through them. It is, for example, re¬ 
markable that if you examine the skull of any fish, am^ibian, 
reptile or mammal, you will find that there is a progressive 
reduction in the number of bones in their skulls. Thus, there 
are fewer bones in the skull of an amphibian than in that of a 
fish, there are fewer bones in a reptilian skull than in an amphi¬ 
bian skull and, finally, the mammalian skull has still fewer bones 
than the skull of a reptile. This gives us an indication of the 
direction in which the evolution of the skull has progressed, 
and of the continuity of evolutionary processes. And the same 
is true of many other characteristics among various classes of 
aiumals. 

It is outside our scope to give details of animal groups which , 
are not directly related to the ancestral lineage of man, but it is 
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worthy of note that the reptiles were one of the most successful 
groups during the Secondary era, and peopled the globe with a 
diversity of type and form that is truly baffling. Among them 
were the colossal dinosaurs, like DipfodocuSs attaining a length 
of nearly 90 feet, and Tyrann<>saurus over 45 feet long and almost 
three times as high as the talie&t man alive. 

THE MAMMALS AND THBIR RfRE FROM THR REPTILES 

The march of evolution is an unceasing one. The modification 
of certain amphibians into reptiles occurred almost before the 
former could, so to speak, recognise themselves as amphibians 
after their origin from the fishes, Some of the reptiles fared no 
better for they in turn gave rise, by becoming warm-blooded, 
to mammals that breast-feed their young and produce ready¬ 
made, squeaking offspring, instead of letting them emerge from 
a commonplace egg, like a commonplace reptile, One of the 
exceptions to this rule is the duck-billed Platypus of Australia. 
It is the most primitive mammal in existence and still persists 
in laying eggs! For this reason it has been placed, along with 
another genus, in a separate group called the monotremes, 

Who were the immediate ancestors of the mammals? When 
and where did they arise ? What has been the course of 
their history ? These are some of the questions that present 
themselves in any consideration of mammalian evolution. We 
shall accordingly proceed to deal with certain aspects of these 
problems, 

Subdivisions and Characteristics of Mammals 

The mammals (Latin, mamma — breast) constitute that Class 
lo which belong many of the higher vertebrates with which we 
are familiar, including man. In view of this last prerogative 
let us broadly review their characteristics and geological history 
so that we can gain a clearer concept of the place of man in 
the scheme of vertebrate evolution. 

The modem mammals are classified in progressive order, as 
follows 

Monotrsmbs : Tbese are primitive types and include the only 
two living egg-laying mammals, namely, the 
Duck-bill Ornithorhynchus and the spiny anl* 
eaters Echidna, of Australia. They possess 
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primitive milk-glands and hair; their lower 
jaw-bones are composed of single elements, 
and they do not possess teeth at maturity. 
They also have some reptilian characteristics. 

Marsuwau: Their young are always immature at birth; 

they possess a morsupiuni or pouch, whence 
their name; they include the kangaroos and 
allied forms. 

Placbntals r Their young remain within the mother’s 
womb for a longer period and are nurtured 
there by the mother’s blood-stream through 
the placenta, which gives them their name; 
they are almost fully developed at birth, 
and include all the more familiar mammals 
and man. 

With the exception of the egg-laying monotremes, the most 
characteristic feature of the mammals is that all of them give 
birth to live offspring. After birth, the young receive nourish¬ 
ment through the miik-glands situated within the mammae or 
breasts, The mammals are all warm-blooded animals (see p- 68) 
and are generally covered with hair which helps in maintaining 
body temperature. Another important feature, to which attention 
has been drawn already, is that each mandible is composed 
of a single element, not a number of bones as in the reptiles, 
The brain is large and the higher centres are well deve¬ 
loped. On this account, there is a corresponding increase in 
intelligence and perception, which gives the mammals a great 
advantage over the other animals and which has contributed to 
their phenomenal success. Their heart is divided into four 
chambers and the pure and impure blood-streams have entirely 
separate circulations. 

Typically they possess 44 teeth, though in man there are only 
32 The teeth arc well differentiated into incisors, canines, 
pre-molars and molars. The molars, however, develop only 
after the so-called ‘milk-teeth’ of the first set have fallen. In 
the rodents, the teeth which are rootless, even continue to grow 
in order to keep pace with constant wear. The mammalian 
teeth are, therefore, quite different from those of the modem 
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reptiles which show hardly any differentiation and which are 
constantly being replaced by new ones. 

The mammals have adapted themselves to different modes 
of life—aquatic (whales), volant or flying types (bats), arboreal 
(monkeys, etc.) and cursorial or capable of fast movement on 
the ground (horses, etc.). Man, though not particularly adapted 
to any of these modes of life in the sense that other animals are, 
can practise all these; and he even flies, though with artiflciaJ 
wings! 


The Marsupials 

The distinctive characteristic of the marsupials is the 
marsupium or pouch situated upon the belly. They are mostly 
quaint'looking animals of which a familiar example is the 
kangaroo. The young of this animal are barely the length 
of a human Anger at birth and so helpless that Che mother 
has to help the offspring with her lips into her pouch^ where 
they feed from teats situated within. In short, the young are as 
if prematurely born and are thus unlike those of the higher, 
placental, mammals. 

The marsupials, furthermore, possess a larger number of 
teeth than the placental mammals, which shows that they are 
more primitive. In this respect they come nearer the reptiles, 
who also possess a larger number of teeth than the mammals. 

The earliest representatives of these animals are found in the 
late Cretaceous rocks. Their geological and present-day distribu¬ 
tion is unique, especially in relation to the placental mammals. 
At the commencement of the Eocene, the South American 
continent was separated from the northern lands. At that time 
there were present on this continent some carnivorous marsupials 
and a few placental mammals but practically no carnivores among 
the latter. Thus the marsupials flourished more or less undis¬ 
turbed. In the Australian continent, which was separated from 
the Asian mainland towards the end of the Cretaceous, the posi¬ 
tion was even more favourable to marsupial development, for 

'Thera is t wideeprteie beUeramoog laymen that the ofTsprina of Uie kaosafoo is 
bCPTs iataly into tbs pouch. The extreme helplessiKSS of the young is apparantlv 
reepowihle for Ous befiet. However, apart from the physical impossibility lovolved, 
wehaveiifroffitbekugarooiuelf that soeb an idea is uoworthy of tius great 
AustraUaa. 
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scarcely any carnivorous mammals were preseni so that the mar¬ 
supials reigned supreme without competition or fear of extermi¬ 
nation. it should, however, be noted that the modern Australian 
marsupials did not appear till as late as the Pleistocene, though 
Ibis assumption might be due to deficient geological record, 

It is interesting to record that with the exception of the 
American Opossum, the present-day marsupials are confined 
to Australia. Since there are practically no placental mammals 
in Australia (except rats and rabbits and some others brought 
by man) it is believed that that continent was completely separated 
from the Asian mainland (in late Cretaceous times) before the 
placental mammals had a chance to destroy the marsupials. It 
is equally noteworthy that in those regions where the placental 
mammals exist (all the familiar mammals, we may repeat, 
belong to this Oass), no marsupials, or hardly any, occur. The 
marsupial and placental mammals are thus mutually exclusive. 

It is scarcely possible or even necessary to deal with the other 
mammalian types in more detail. And we have to be satisfied 
with the foregoing brief account which gives an adequate idea, 
we hope, of the lines along which the mammals began to branch 
off from their reptile-like ancestors. 

Op* Ancestors acquire Warm Blood 

It is perhaps not commonly known that the mammals arc 
warm-blooded animals while the reptiles are cold-blooded. This 
transformation took place simultaneously with the modification 
of the reptiles into mammals at least as early as the Upper 
Triassic period of the Mesozoic era, 160 million years ago, and 
possibly even earlier in Permian times. 

The change from the cold blood of the reptiles to 
the warm blood of the mammals is one of the greatest 
landmarks of evolution. This transformation, some believe, 
was due to the onset of aridity as an indirect result of 
earth movements, followed by glawal conditions in the 
Permian, which made it obligatory upon the mammals to 
retain a constant high body-temperature irrespective of the 
temperature of their surroundings. Thus was developed that 
fine automatic mechanism in the mammals which enables them 
to retain a favourable temperature under all conditions. The 
r. rigir> of the mammals may, therefore, have been due to these 
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climatic changes between two extremes, aridity followed by 
glaciation- Such transformation (cold to warm blood) would 
obviously be of great advantage to a race, A reptile placed in 
a cold environment would perish, while a mammal, bdng able 
to maintain constant high temperature, would have a far better 
chance of survival Hence the rapid rise and phenomenal success 
of the mammals. 

We might emphasixe that warm blood was probably not 
acquired suddenly but by gradual stages. This may be surmised 
from the fact that all groups of mammals do not possess a uniform 
high temperature but there are some, like the present-day mono- 
iremcs, whose body temperature is no more than 30® Centigrade 
(-86® Fahrenheit) while there are other mammals whose normal 
temperature is higher than 30® Centigrade though less than 
that of the placental mammals, which may be as high as 40® 
Centigrade ('■-*104" Fahrenheit). In human beings the normal 
body temperature is 98.4", on the Fahrenheit scale. 

Zeuner has suggested an interesting connection between the 
structure of the teeth and warm-blooded ness. It is obvious that 
the maintenance of constant high body-temperature requires 
a supply of calorics which comes from the food. Since mammals 
have teeth whicli enable them to masticate what they eat, they 
are able to obtain from a given quantity of food, the extra nourisli- 
menl (and therefore the extra energy) required to maintain a 
warm blood-stream. 

It may be of interest to note in pawing that the birds are the 
only other Class which possesses warm blood, beside the mam¬ 
mals. The Class of birds, however, originated (from the reptiles) 
much later than the mammals, in fact, in the Jurassic times of the 
Mesozoic era. This discounts the theory of the origin of warm 
blood as the immediate result of a cold climate following in 
the wake of arid conditions, for a vast interval of time 
intervenes between the Upper Trias, when the first mammals 
appeared, and the Jurassic, when the first birds came on the 
scene. While actual fossil remains of birds arc not known earlier 
than the Jurassic, it is not inconceivable, however, that there 
may be a gap in our record of discovery, and further investigation 
mi^t prove that, after all, they originated earlier. 

Geological History of the Mammals 

Although the manunals arose in Upper Triassic times, our 
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knowledge concerning these is yet imperfect. Indeed it is one 
of the puzzles of mammalian evolution that not till the late 
Oeiaceous or early Tertiary do we find anything but fragmentary 
remains of this Gass. 

Among the early forms, four mammalian Orders are known 
in the Jurassic, namely, the Triconodonta, the Symmetrodonta. 
the Pantotherla or Trituberculata and the MuUituberculata. 
Except the MuUituberculata which survived into the Tertiary, 
these Orders all became extinct towards the close of the 
Jurassic. 

Tlie Triconodonta were characterised by molars with three 
conical cusps—a type which might have originated from one 
resentbling the Cynogfiaihus molars to which we have already 
referred. The Symmetrodonta, as the name implies, possessed 
molars with three cusps arranged symmetrically in triangular 
form. The MuUituberculata are characterised by several tubercles 
or cusps in their molars, serially arranged, which incidentally 
accounts for their name. They were of comparatively large 
size and, of the Jurassic mammalian Orders, they alone persisted 
into the Eocene. 

The Pantotheria or Trituberculata are of the greatest interest 
to us because (key are belfeved to have given rise to all 
the higher ( placental ) mammals and possibly also to the 
marsupials. The roots of human origins thus also lie in 
them. Their molars possess three tubercles or cusps, with an 
additional talon or ‘heel’. This little structure has an important 
bearing upon the evolution of the typical mammalian molars. 
According to supporters of this view (as against the Trituber- 
cular theory of the origin of mammalian molars, which no longer 
holds the field) the heel or iahn contributed towards the dev* 
eloproent of the five-cusped condition characteristic of the typical 
mammalian molars. 

It is of interest to record that the Insectivores or insect- 
eaters, which constitute the most primitive living representatives 
of the modern placental mammals, are probably closely related 
to the Pantotheria whose origin they herald. 

Primitive Mammah 

We have referred above to two generaUsed types from the 
Trias, Microconodon and Dromatherium, which were at one time 
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regarded as mammals, but which are now classified with the 
reptiles. From this the reader will obtain some idea of the diffi¬ 
culties which one encounters in dealing with such generalised 
types which combine in their anatomy the characteristics 
of more than one Class. When we come to the Jurassic we are 
on surer ground. Here we meet with such forms as Amphilesies 
(one of the Triconodonte) in which the jaw-bone was com¬ 
posed of a single element though the molars resembled, in 
some measure, those of the reptile Cynognathus. It is believed 
that molars such as those of Cynognathus could have 
given rise to the type of molars found in the primitive mammal, 
Amphilestes. A more advanced type is the Upper Jurasstc 
Priaconodon, in which the individual cones are of more uniform 
size and, therefore, approach still later forms (Fig. lla). 



Fi|. J7. and b. AmphSihtrlumy 

vtow^ from jrwwr iid» ; both from Anwiea. Nola iho diflbrtntJWion of 
molars. Simpson). 


Of the Pantotheres, from which all the higher mammals are 
believed to have arisen, we may mention AmphUherium from the 
Middle Jurassic. The molars of Amphitherium (Fig. 27b). have 
three cusps, disposed in the form of a symmetrical triangle, as 
also the talon referred to above. 

The Mammals almost disappear for 69,000,000 years 

The close of the Jurassic witnessed one of the strangest things 
that ever happened to an animal group. With a few rare excc^ 
lions, such as Plagiaulax, remains of which are record^ from the 
Upper Jurassic rocks, the mammals seem to have disappeared 
almost completely from the face of the earth ! Even allowing for 
the fact that the mammals were not yet a flourishing group dunng 
the Trias and the Jurassic, and that all of them were of &mm 
size, being never bigger than a rat or a small rabbit, their scarcity 
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during the entire Cretaceous period, spanning a time-interval 
of 69 million years is indeed difficult to explain. What is equally 
baling is that when hnaJly we do meet the mammals again in 
in the early Eocene, following their black-out in the Cretaceous, 
they are still of primitive design, as if (he Almighty had almost 
stopped the Dock of Evolution at the end of the Triasslc 
period and, giving it a shake, started it at a more rapid 
pace in the Eocene, to resume its normal ticking. Thus 
for a period of 100 million years and more (spanning the 
whole of the Jurassic and Cretaceous periods and a part of (he 
Trias) the wheel of mammalian evolution turned but slowly! 
What could possibly have been the cause of this event 7 

We have mentioned earlier that the climate of different parts 
of the globe has undergone vast changes, and regions upon 
which the tropical sun once blazed now lie covered by, not 
hundreds, but thousands of feet of ice. Such is the case with 
the Arctic regions that were once covered by a tropical 
vegetation of colossal ferns, rivalling trees in size, during Che 
Cretaceous, and now lie buried deep beneath vast blankets of 
ice. It is presumed that it was in this region alone that the Creta* 
ceous mammals flourished and thus it is that their remains have 
not been unearthed so far. It might, therefore, be a case 
notsomuchof actual disappearance or eclipse as lack of discovery, 
on account of the evidence having become masked or destroy^ 
by the hand of Nature. And, one day, we may expect to find a rich 
treasure of manunalian bones beneath the ice-fields, giving us 
(be clue to the missing links among Che mammals, bridging the 
gulf between the Jurassic forms and their Tertiary descendants. 
An alternative explanation of this may be chat the Cretaceous 
was a period of great marine transgressions, which means that 
vast land areas were submerged by the invading seas, so that 
remains of the land-nsammals could not be numerous. In support 
of this may be mentioned the fact Chat very few land-deposits 
of Cretaceous age are known. 

A third possibility was pointed out by Zeuner who studied 
the time-rates at which evolutionary changes occur. He found 
that whenever a new branch evolves on the tree of life, progress 
is at first slow. This initial "lag phase" lasts sometimes many 
millions of years. Thereafter the group blossoms out suddenly 
, (Explosive Eyolution, see p. 75) and miny variahts of the 
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group-type appear in succession. Among these three possibilities, 
the last may be the sole cause of these phenomena, but quite 
likely all three have contributed. 

The Clock of Evoluilon resumes Us Ticking. 

After Che “Silence of the Cretaceous”, there appeared early 
in the Eocene, generalised mammals classed as the Creodonta, 
from which (or from closely allied forms) arose various Orders 
of the carnivorous or flesh-eating mammals. 

The commencement of the Eocene also marks the first arrival 
of the hoofed mammals (perissodactyls) like the horse, as well 
as of the elephants (proboscidians). But of far greater import, 
and certainly of far greater interest to us, was the appearance 
during the early Eocene and even earlier, in the Palaeocene', 
of the Order Primates, which includes the most unique product 
of nature—Man, 

The commencement of tbe Eocene therefore heralds the influx 
of many diflerent types of mammals that gradually ousted the 
reptiles who had held sway throughout the Mesozoic period, 
spanning 124 million years. It is not within the scope of this 
work to follow the fortunes of all these mammals, even though 
they have fascinating stories to tell. ^Ve shall, in due course, 
record the history of one group only, the Primates, for it is this 
group to which man and the apes belong, and with which we are 
primarily concerned. 

To end, we thus witness on the Tertiary scene a race between 
the reptiles bravely struggling for. supremacy, and the mammals 
forging ahead, surely, steadily, unerringly—a race well run, 
and well won ! 

This is a lubdivisioo of asolegial (ima (noi in common use) whkb is int«rp> 
Uled at Uie end of the Cretaceous aod forms tbe basal member of tbe Tertiary. 


• CHAPTER V 


THE VEHICLE OF EVOLUTION 
THE BASIS OF ORGANIC CHANGE 

At this point it is appropriate to consider the processes which 
initiate or control evolution—factors by the play of which new 
forms of life—animal or plant—appear. A discussion of these 
processes will enable us to understand more clearly the further 
evolution of the jnammals and the rise of the Order Primates. 

There is an important aspect of evolution to which we must 
draw the reader’s attention at the very outset. To the layman 
and the student not fully conversant with the principles that 
govern change in organic life, Evolution invariably implies Pro- 
gress, perhaps one grand triumph after another, as though reach¬ 
ing the climax of a musical symphony! This is, however, far 
from being the case, for Evolution comprises both Progress and 
Retrogression, success and failure, survival and extinction. In 
the evolutionary race the ‘also ran’ evolves as much as the one 
that leads and, as on the race-course, only a few succeed while 
several merely finish the course—in good time, or not at all. 

And somedmes a horse (to be sure the one that you have laid 
your wager on) starts running back towards the starting post. 

So it often is with evolution, as we shall presently explain. : 

This brings us to another important point. Evolution is not * 
to be regarded as invariably following a definite direction, 
changing organs by successive steps, each followed by another 
of the same kind. In other words, progress is not like climbing 
a ladder by regular and graded steps, but often evolution 
follows a divergent pattern, like the forking branches of a tree, • 
developing in many directions according to the effect of environ¬ 
ment. This is described ns. Adaptive Radiation, which further im- < 
plies that when a new group arises, it produces many divergent 
forms that become established according to their abilities to adapt ^ 
themselves to their surroundings. Palaeontology is replete with : 
examples of this kind, one of which, nammely, the rise of several ^ 
and varied Orders of the mammals in the Jurassic has been already ' ) 
referred to. What if nearly all of them met their doom about the 
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close of that period, for this is only a just penalty of existence. 
When evolutionary episodes (like the simultaneous or almost 
simultaneous origin of varied Classes, Orders, Families, Genera 
or Species] take place in a oomparadvely short span of time 
(geologically speaking), the phenomenon is termed Explosive 
Evofuiion. An example of this among the vertebrates is the 
rise of the different Classes of Fishes in Siluro-Devonian times. 
Among invertebrates, a good example is that of the Jurassic 
TercbrataUdae of which twenty-four genera are known, com¬ 
pared to four In the Trias, ten in the Cretaceous and six in the 
Tertiary (i.e., only twenty genera in all the three periods put 
together, as against twenty-four in the Jurassic alone). 

Evolution by graded steps is called Orthogenesis. One 
of the finest examples of tliis is the evolution of the horse, an 
account of which Is deferred to a later stage, as we propose to 
deal with the subject in detail. 


Struggle for Existence ; Natural Selection ; Survival of the Fittest 

The questions now arise ; What are the fundamental causes 
which initiate these evolutionary changes? And why do some 
modifications have so much cumulative efitcl that in course of 
time a species begins to look quite different from iU original 
and then constitutes a new species ? Although these processes 
give rise to such vital results, almost changing the shape of 
creation, their operation is quite simple. Let us explain these 
phenomttia by two examples, one the result of human agency 
and the other where Nature is her own architect. 

Now we know that all intelligent farmers try to improve the 
breed of their stock, flowering plants and fruit. They select 
certain individuals which show specific favourable characteristics 
and then interbreed them. Those modifications or ‘mutations’ 
which result from ‘germ cells’ are inherited by each successive 
offspring and thus, after se<eral crossings, a completely new 
variety may be produced by Artificial Selection. Thus luscious 
varieties of fruit have been produced. The numerous varieties 
of dogs are similarly believed to have been derived from con¬ 
tinuous cross-breeding of some wild form, probably the wolf. 
Some geneticisis have even succeeded in creating monsters in 
this manner. 
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The other example that we select is from nature and one which 
had a profound influence upon life on the globe, namely, (he 
adaptation of certain aquatic animals to life on land. This 
phenomenon is well exemplified in the frog and its tadpole and 
was one of the greatest revolutions in evolution, even 
though the progress was gradual. We shall explain briefly 
how this change took place more than once, is taking place 
even at the present day. and must continue to take place so 
long as Che physical nature of life remains unchanged. 

If you have lived by the sea-shore, you may have noticed that 
when the tide recedes, a number of fish and other sea-animah 
may be left stru^ling on the mud flats. A similar fate awaits 
the fishes In the village pond each summer when the water begins 
to dry up. And in the past,’other fishes had to struggle likewise. 
They lived in the slowly drying pools as long as they could, but 
as the water began to dwindle, they began to burrow into the 
soft mud, in a sheer effort to survive. This was a matter of life 
and death for them—a veritable Struggle for Existence. Many 
must have succumbed in this struggle, but some that became 
more resistant by producing favourable variations suited to 
the changed environment, lived on. Nature has her own pro¬ 
cess of weeding out the unfit and retaining the fittest—a process 
which Darwin called Natural Selection. By having to struggle 
repeatedly with the changing environment, some of the fishes 
that could at first live only in water, gradually learned how to 
live in wet mud and to breathe atmospheric air by developing 
a suitable breathing apparatus, such as lungs. This proved the 
doctrine of Survival of the Fittest. By further repetition of this 
process some of these fishes were ultimately enabled to survive 
long periods of desiccation, and thus finally some of their des¬ 
cendants became used to living on land for at least pan of the 
year, tn fact they began the conquest of a new type of lehensraum 
—terra firma. They thus gave rise to the amphibians or animals 
which spend one part of their life ih water and the other mainly 
on land. 

Evolution of course implies the impact and impress of many 
factors.'Of these, competition between individuals of one and 
the same species, for instance over food supply, is important- 
It is obvious that scarcity of food also results in a keen Strt;ggU 
for Existence and, as a consequence, structural changes. 
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Respo>^she Adapt at ionSy are produced to meet the changed condi¬ 
tions of life. It may be explained that responsive adaptations are 
changesappearing in response to altered environment. Thus, only 
those individuals survive which are best htted to the changed 
surrounding conditions in competition with each other. This 
again illustrates Darwin's famous law of Naiuraf Selection and. 
proves his well known dictum of the Survivai of the Fittest^ This 
struggle for survival in a changed environment carried on by 
means of adaptation is believed to be the main factor in evolu¬ 
tion. It results in the appearance of new species. 


Darwin and Wallace were Inspired by the 
Economist hfalthus 

How did these ideas come to Darwin—ideas that are as 
simple a$ they are far-reaching and magnificent in their scope? 

Strangely enough, the conceptions embodied in the afore¬ 
mentioned prineiples—i’rrwggfe for Existence, Natural Select ion 
and the Survival of the were revealed to Darwin ( and 

even before him to the unassuming Wallace) not only from 
extensive observation or investigation of scientific facta but 
upon perusing an Essay on the Principles of Population as It 
affects the Future Improvement of Society, by the writer 
Thomaa Robert Malthus (1798). Malthus argued somewhat 
along these lines: that if all those born were to survive and have 
progeny they would multiply in geometrical progression and 
the earth would be so thickly populated as scarcely to allow 
one room to stand with arms akimbo. And yet the world's 
population haa until recently remained more or less atalionary. 
What are the factora responsible for this limitation? Malthus 
came to the concluaion that there was a natural process of siAlng. 
one of the most potent causes controlling populations being food 
supply. However prosperous or prolific a community or a nation 
might be, if the increase in the staple diet cannot corwpondm^y 
keep pace with general prosperity and the increase in numbers, 
a limit would be automatically set to its numerical expansion, 
while war and pestilence further help keep the balance- Only 
those who are well fitted in the struggle for existence survive—the 
others go by the board. Danvinand Wallace were both inspired by 
the idea. They argued that if these principles could apply to the 
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Browns of Barrow and the Baruas of Burra Bazar, they could 
be equally true of the beetles in your backyard, the tadpole in the 
village pond, the heather on the down, the moss on the fell, the 
fawn in the glade and even to the reptile lurking in some sly dark 
niche; in short to the entire organic world. The Forces that be, 
do not fashion the same destiny for all : there is extinction for 
the multitude and survival for the few—the few who adapt them¬ 
selves to environment and the rigours of competition. 


Inherent Momentum in Evolution 

We shall now deal with the various other theories of evolution. 
According to the view held by many scientists, there is an 
inherent Momentum in Evolution. This implies that once 
an animal group has started on a certain evolutionary line, 
and in a certain direction, it must follow that road and that 
direction to the bitter end, and meet its doom, perhaps as a 
result of over-specialisatioD, In other words, the very features to 
whose presence the success of a race or a species was due, like 
the convolutions in the shell of an ammonite (Cephalopoda) 
the increasing size of the elephant’s tusks, or of the canine teeth 
of the extinct Indian sabre-toothed tiger, became by progressive 
development (which the animal could not check on account of 
evolutionary momentum) detrimental to the very existence of 
these organic beings, and they finally perished. For it is obvious 
that the tusks of an elephant or the canine teeth of a tiger served 
both as offensive and defensive weapons only up to a certain 
optimum size, and if they grew longer, far from being a source 
of protection, they became an actual hindrance to the animal, 
since they restricted its movement both in attack and escape. 

there is also the very remarkable case of the (bivalve) sea-shell, 
ifippwiVes, which flourished in the Cretaceous seas of the Mediter¬ 
ranean region, and which acquired momentum for excessive 
deposition of carbonate of lime in its shell. The result was that 
the space within the shell in which the animal lived, became so 
restricted that there was little room left for the animal itself, 
and it was finally ousted from its own house, as it were, probably 
because it was unable to check this tendency owing to some 
inherent urge or momentum in its development. This led to its 
uhimate extinction. 
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Lamarck's Theory of Use and Disuse : 

Views of a Soldier-Sclentist 

An ingenious idea was put forward by the French savant 
Lamarck—botanist, zoologist, palaeontologist, geologist and 
soldier in one—to explain the changes undergone by living beings 
in their physical make-up. It is common experience that a 
machine if left idle soon rusts, while in spice of wear and tear, 
the same machine keeps in good condition when in continuous 
use. Indeed if not required, it mi^t be even better to lend it 
to someone who will keep it running (provided of course you 
are sure of its being returned) than let it stay idle over a long 
period. In the same manner, Lamarck argued that if a living 
oiganism did not, or due to changed surroundings could not, 
keep any part of its body in continuous use, that part would 
degenerate in course of lime, but that if a part was kept in use 
it would improve in utility. He gave the classical example of 
the giraffe's long neck and expressed the view that successive 
ancestors of this quaint animal were forced to stretch their necks 
to reach foliage on tall trees since the low-growing shrubs and 
grasses upon which their ancestors had fed, disappeared owing 
to climatic changes. Being subjected to perpetual craning, the 
giraffe’s neck increased in length in a sheer struggle to help its 
owner feed and survive. Lamarck argued that the cumulative 
effect of such acquired changes would in course of lime so 
radically modify the appearance of the animal as to constitute 
a new species. 

It is true that Lamarck’s ideas on evolution and the origin 
of species do not find favour with the majority of biologists 
today. His opponents argue that Acquired Characters cannot be 
inherited by the offspring and become progressively accen¬ 
tuated from generation to generation. They assert, for 
example, that if you chop off the tails of mice generation 
after generation they will stiU produce mice with tails, “tailless¬ 
ness” in this case being an acquired character. In doing so they 
overlook that such taillessness is an artificial mutilation, and 
not a change brou^t about by the manner of livint of the animal 
itself. Whether or not Lamarck’s ideas regarding the modus 
operandi of evolution are acceptable today, there is no doubt 
that this sdeniist, who was old enough to father Darwin when his 
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classic PhUosophie Zoologique, was first published In 1809, 
ranks as an outstanding genius. He was in fact one of the first 
(o pul forward the idea of uniformity or gradual change as 
opposed to the Caiaclysmal Theory of Creation (see p, 40) 
which was more commonly upheld during his times. 

As palaeontologists we believe that in spite of strong opposition 
to his viewpoint, amounting at one time almost to derision. 
Lamarck's ideas were fundamentally sound ; for it is indeed 
diffieult to difterentiate between strictly inherited and acquired 
characters- And if Darwin’s Natural Selection came to the 
forefront, it was not because Lamarck’s theory rested on a frail 
basis but because even during Darwin's time problems of heredity, 
descent and mutations were still imperfectly understood. 

It Is no small homage to this savant that, afflicted with malady 
and ending his years in blindness, he remains one of the foremost 
authorities on the invertebrate group of animals. 


Evolution by Mutation 

In order to give a complete picture of evolutionary processes, 
let us state other current views about them. According to one 
school of thought (experiment and critical observation always 
form the basis of scientific views), new forms of life may arise by 
sudden changes. Thus, in addition to the gradual, progressive 
and adaptive processes of evolution there are the sudden changes 
in the constitution of the germ plasm of the cells which result in 
Mutations, or forms which look manifestly diiferent from their 
parents and which arise for no obvious reason. They may give 
rise to new species if their progeny in turn inherits Che new 
characters, which are thus perpetuated in the race. 

Mutations Artificially Produced 

It is definitely known that mutations can be artificially pro¬ 
duced in some of the lower animals. Thus a beetle named Lept- 
inotarsa, when subjected to exceptionally hot and dry conditions at' 
a particular stage of its development, produces individuals which 
are quite different from the normal offspring. That these variants 
are true mutations is established by the fact that when they 
breed under normal conditions, the hybrids produce young 
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resembling themselves and the parent in the right Mendelian* 
proportions, and a fixed proportion among them brted true, 
that is, produce young exactly resembling themselves. 

Discoveries of this kind are obviously of great significance, 
for if by experiment we should be able to produce a new type 
of beetle or a particularly luscious variety of apple, there is 
theoretically no earthly reason why, by subjecting human beings 
CO extremes of heat or cold, or alternalely both, or by dipping 
them in tubs, instead of sending them to tutors, we might not 
one day suctied in producing reasonably intelligent individuals, 
though the probability of producing idiots must not be over¬ 
looked either- There are here the possibilities of improving 
the characters of our species, provided a policy of de¬ 
liberate breeding is adopted. 

It is well known that science has been able to control the sex 
of offspring of certain species of animals (ibat is, to produce 
male or female young at will) by feeding them on certain diets, 
or by placing them in particular types of media. This is not 
so strange considering that the oyster changes its sex year 
in and year out as a matter of routine, while the female 
of the swordtail fish becomes a male after being a good 
mother for three years in succession. It is said that this happens 
because the female population is far in excess of the males. 
We need scarcely mention the case of the medieval Swiss cock 
who was publicly tried in Basle for laying an egg, and was 
actually burnt at the stake for his ignominious behaviour! ibis 
merely proves that the organic system is quite plastic and capable 
of being influenced a great deal by environment. It should, 
however, be noted that matters are more complex m the human 
species, and that science is still far from having found a proven 
means of influencing the sex of human children. 


Man's Ortgw by Mutation—a ?cssibi\ity ? 

It is believed by some that man himself is a mutation 
of some highly evolved ape, and that this metamorphosis 

»Q J Meodel (1 522-1 SM) was Abbot of tbe Kenlssklosier « Brtfm aod 
a Mn^ ^ CTpermanta or the cros$*biteding of the tail ^ dv^ 
oeas His wntbes were bufied for forty years m the volumes of a local So«ty ud 
caSeio l^tt iQl900. His experimeots showed that all the hybn^wew ttlU but 
SSn bred among U»em^d^^tbree^uartaT> of the proeeny were t^l and om 
J uSw dw8ifs!^n»e» dwarfs bred tnio, but the.talls produced pure dwarfs, pure 
tails and mured tails. 
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was connected with the ( geologically) sudden uplift of 
ihe Himalayas which not only isolated these apes under 
conditions of severe cold and hardship, hut which also destroyed 
the vegetation, and with it the foods on which the apes notmally 
subsisted. This brought about a change in their physical make¬ 
up. The sequence of events appears to have bw as follows, 
The closing chapter of the Miocene period, heralding the dawn 
of a dry and cold era in geological history, finally culminated 
after the Pliocene, in the Great Ice Age. The higher plateau 
regions north of the Himalayas lost their forests owing to clima¬ 
tic changes and the unfortunate apes thus isolated had to shift 
for themselves as beat they could. In other words, as a conse¬ 
quence of sudden physiographic changes, these apes, forced 
to adapt themselves to a new type of food, a new mode of existence 
involving living on the ground under conditions of severe cold 
instead of on tree tops, acquired a sudden burst of intelligence 
and certain man-like physical characteristics. By further gradual 
modification, the ape-like beings hnally turned into man ( 

Evolutionary Ckanzas due to Isolaihn 

Isolation is an important factor in the evolution of new species. 
We stated earlier that marked geographical changes have taken 
place during the course of geological history. Thus the island- 
continent of Australia and the Javanese islands were at 
one time a part of the Asian mainland, just as Ceylon was 
physically united to the Indian continent. So were a host of 
other islands. They were separated from the mainland by the 
operation of geological forces such as rise in the sea level, and 
the natural processes of denudation and erosion. As a conse¬ 
quence, their fauna and flora also became isolated from their 
ori^nd parent assemblages with the result that these islands 
now possess animal and plant life peculiar to themselves, and 
have evolved many species that are not found on the mainland. 
The kangaroo is a classical example, and is confined to 
Australia, that island-continent having remained separated from 
the rest of the world since late Mesozoic times. Some islands 
have, however, come into existence quite independently of the 
present land areas. Such are the islands of volcanic origin. 
Because of lack of direct communicatfon with each other they 
sometimes have well difierentiated animal and plant life. 
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The most spectacular case of isolation In relation to evolution 
is that of the Galapagos archipelago, each one of whose islands 
boasts of its own characteristic animal species, for instance of 
finch'like birds and particularly of tortoises. Indeed the archipe* 

I ago was named from ga}apagos, the Spanish for tortoise. The 
exact nature of these islands is not known and some consider 
them to be of volcanic origin. However that may be, it seems 
certain that at one time all the islands were united with each other 
and probably with the mainland of South America. Thus while 
the species inhabiting them are all distinct because interbreeding 
has been impossible for a long lime, yet a manifest similarity 
runs through them, and they have retained evidence of their, 
common origin. 

Separation by sea-barriers is not the only means by which isola¬ 
tion results. Great mountain ranges straddling the face of the 
earth, or submarine ridges sometimes rivalling mountain ran^s in 
size and peeping above the waters as oceanic islands, effectively 
isolate flora and fauna, in the ^rst case of the land, in the second 
of the sea. Vast sheets of inland waters like the Caspian 
and the Black Seas, once in free communication with (be ocean 
water of olden days but now isolated by land barriers, contain 
elements of marine fauna peculiar to themselves. Likewise, the 
Mediterranean and the Red Seas, which have been separated 
over a very long'period, possess distinctive faunas. 

Climatic changes may also isolate regions that were originally 
subject to much the same meteorologica] conditions in the remote 
geological past. Thus the region between the Himalayas and the 
Nilgifi hills in South India, once within the orbit of cold con¬ 
ditions though not subject^ to actual glaciation, now possesses 
a much wanner climate, and its animal and plant life is altogether 
difTerent from that of the Nil^ and the Himalaya. The past 
climatic continuity of these widely separated areas is, however, 
proved by the fact that a species of Rhododendron and the goat 
HemUragus occurring in the Nilgiris are both deSnitely a part of 
present day Himalayan life. We shall refer to this point again 
when dealing with ie Pleistocene of Ceylon. 

We might dte an even more interesting instance—one that 
intimately concerns the human species, namely, isolation as the 
result of mass immigration of populations. It is believed that 
the modem American, separated from his original homdand in 
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Europe (S gradually acquiring a type of physiognomy which 
includes some features of the American Indian. Long domicile in 
a particular region must leave its impress. 

Sexual Selection 

Another important factor which, apart from its bearing upon 
evolutionary changes, might even determine the survival of the 
lineage is Sexual Selectlon,~~i\it struggle to acquire a mate. In 
other words "the struggle for wife" might actually mean "the 
struggle for life". Bui the acquisition of the mate is not even 
half the battle. There are so many other hurdles to be crossed. 

In the story of human life, as indeed of all life, the struggle 
for survival begins early. Although the number of human male 
sperms presented in a single episode is 225,000,000. (a million and 
a quarter more than half the population of India) only one of 
these has the chance to merge with the female egg. Apart from 
this, they have many other obsiaclea to encountcr—for, says J.D. 
Ratcliif, "odds against success for these mites of life are 
225,000,000 to 1," while aaording to Alan Frank Gutlmachcr 
of Johns Hopkins, 'The baby that the germ cell engenders has a 
far greater chance of becoming President of the United States than 
the cell ever had of becoming a baby." Of course there is another 
way of looking at all this: Nature, though prolific, even to the 
extent of being often utterly wasteful, takes no chances and 
therefore produces spores, sperms, etc., literally by the million to 
try to ensure perpetuity of the race. 

Earth’Movemenis and Climate as Factors in Evolution 

According to the distinguished American geologist Lull, 
the heart of this great planet has pulsated and throbbed as if 
with life, since the dawn of primaeval day, and its pulsations 
have influenced the rise and fall of organic beings since their 
first appearance upon it. In other words, mighty revolutions, 
cfimatic and physical, which were experienced by the globe, 
and which have often produced widespread geographical changes, 
have also influenced life profoundly and left their impress 
upon (I. To quote his own words, "As the pbysidan, by a 
clever device can record graphically the pulsations in the blood* 
stream which are synchronous with the throbbing of the human 
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heart, so I have drawn a curve to show Che correspondence 
between the pulse of life and the heavings of the earth's broad 
breast." It would thus appear that important landmarks in organic 
evolution, like the origin of the hshes, reptiles and mammals, 
to take a few instances, and the simultaneous decline of 
other groups, synchronised with changes of a far-reaching cba< 
racter upon the globe, and were perhaps the direct result of these 
changes. In a small work like the preseut one we cannot go into 
much detail, but some examples mentioned by Lull may be 
given. 

It is known that during the Proterozoic era, preceding the first 
recorded (Ordovician) vertebrates (fishes), the earth experienced 
extensive earth-movements and glacial conditions. Therefore it 
is surmised that the rise of the vertebrates was connected with 
these changes- The rise of the mammals, probably in the Permian 
but certainly in the Upper Trias, is likewise connected with 
another period of earth-movement during late Carboniferous 
limee, followed by glacial conditions in the early Permian. 

It is perfectly conceivable that the various groups of the Plant 
Kingdom were similarly affected by the physical revolutions upon 
the globe, but space does not permit us to discuss them here. 


BVOLUTION tN tiVSRYDAY UPE 

Th€ Impact of Environment on Mm and Machines 

The stfu^le for existence is not confined to animals living 
under natural conditions, but even the human rac^individuals, 
communities and nationstate all engulfed in it. The race that 
by force of circumstance is unable to withstand the impact of, 
or competition with, another race, must perish ; witness the al¬ 
most total extinction of the American Indian, of the aboriginal 
Australian, and the subjugation of the Proto-Dravidians by 
the Dravidians and, in turn, of the Dravidian race by the taller, 
fairer, hawk-eyed, sharp-nosed Aryans, 

The community that lacks cohesion, that looks to safeguards 
for its very existence, that learns to depend upon a crutch, that 
gftinc ’success’ by the sacrifice of others (to which history 
bears witness); that is, in short, a passive spectator in the smuggle 
for wdstence, must become degenerate in course of time, and 
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perish. Read the history of any country, of any oatioD, of any 
community» and you will see the sign writ large upon the wall. 
If legislators and leaders of men and nations would ever bear in 
mind the principles of organic evolution, they would serve their 
communities and their countries far better than they do today. 
If they would only consult an humble fossil shell instead of 
confining themselves to voluminous treatises on political 
science, history or international law, they would make the world 
a much happier place to live in. 

We believe that the survival of the Indian culture when the 
glorious Greek and Roman civilisations perished, is largely due to 
the extreme adaptability of the Indian to change of environment, 
his capacity to face adversity, helped by his philosophic out¬ 
look and religious and mental make-up, and to the simplicity 
of his way of life. Were it not so, it is scarcely believable that 
we could have survived as a nation after the shattering Impacts 
of foreign invasions and long periods of alien domination. 

To come back to the point; these evolutionary processes are 
such that nothing can escape them; the automobile, the push-cart 
and even the bicycle model that cannot keep pace with the chang¬ 
ing environment must become a back number. In fhct, the 
modifications that vehicles have undergone constitute one of rhe 
most striking episodes in industrial evolution (Fig. 28). 

During the days when industrialisation had just begun in 
Europe, when men still wore frock coats and women crinolines, 
in which they were expected to faint when proposed to, 
the cumbersome high-wheeled tricycle (a modification, in a 
way. of the four-wheeled cart) was good enough. The four- 
wheeled cart, it may be mentioned, is itself an o^spring of Che 
two-wheeled cart and was no doubt evolved with the concomitant 
improvement in roads. At all events, though the tricycle moved 
at tortoise pace, some people must have looked askance at it 
for its dangerous speed. Well, times changed, and so did the 
tricycle. The high-wheeled, low-speed monster gave place to 
smaller-wheeled and faster models. From the high-wheeled tricycle 
were evolved more or less in succession, the hobbyhorse, the 
bone-shaker, and gradually the modern type of bicycle which 
last, being faster and better adapted to the prevailing 
conditions, was more successful in this struggle and has, 
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therefore, survived (Fig. 28</). The others, uamatched with 
the changed environment, have become extinct. 




P4s. 28. IkluitratM evolution of iho 
modem bicycle duo to ebingina 
loeiek ccedltioni w tbo roeult of 
Induiiriel ilroMce tequirina greeter 
end greeter »pccd. 

o, tricyele: b. hobby>hoiM; e, 
bonoehekor: 4 modern bicycle. 
Cornpore with Fin. 29, illuiueilAg 
evolutionery chengee In the hocee'i 
fool bi ought ebout to echleve iho 
name end, nemely, increeeed »p^. 
f, iwo*wheeled cert fron wbMt /. 
ihe rour*wheeled cert wu evolved 
following Improvement In roods. 


Similarly, in another direction, wth every turn of the indus¬ 
trial wheel, the length of ladies’dresses and their tresses Uirank 
by a fraction, giving greater freedom and scope for movoment, 
both symbolic of the age. The tempo of life, with incre^ng 
industrial expansion, became faster and neither the long 
tresses nor the long skirt could keep pace with it. The sUuggle 
for existence ultimately proved too much for them ana 
they became praclicaUy extinct, ^ving place to shorty 
and more convenient modes. From the long tresses were ^ilarly 
evolved by progressive attenuation, the bob and the shingle, so 
much so that at one stage, where the shingle was coupled with 
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aaocher masculine adaptadon> the slacks, it became difficult to dist' 
inguish between the male and the female of the species. However, 
this masculine adaptation by feminine variity has played an un¬ 
successful role in western life. The reason is obvious. The human 
male, in spite of his superficial desire for modernity, appre¬ 
ciates at heart the feminine qualities in Che gentler sex, not 
masculinity, however unobtrusive. And woman, with her fine 
intuition into such matters, has been quick to understand it. She 
has relegated to the background an adaptation which proved, In 
biological parlance, unsuccessful in the struggle to acquire a mate, 
a phue which deep down masks the struggle for existence, not 
only of the individual, but also of the race. 

Svolufion of The Horse : 

A Cfassical Example of Progressive Evolurion 

Because of its importance (but despite its digressive nature) 
we crave the reader's indulgence to pursue the subject of 
evolution a little further in another direction, for it lends us 
insight into an important phase of evolutionary processes. 

Amongst organic beings, the finest example of progressive 
evolution and natural selection is furnished by the Horse, whose 
fossil remains have been found in series showing evolutionary 
changes in a definite direction, in rocks of Tertiary age, from the 
Eocene onwards. These fossils are indeed unequalled in the 
annals of vertebrate palaeontology for their perfection and 
incereat, and they throw a flood of light upon the evolution of 
organic bein^ in general. Not only that: a study of this re¬ 
markable series of fossils and a parallel study of the climatic 
and physiographic changes that took place on the North American 
continent during the Tertiary era, tell us of the fasemating 
manner in which the evolution of the horse family progressed 
parallel with these physiographic changes, and how its evolution 
waa closely linked with such (ianges. Perhaps the most important 
of these modifications waa the reduction in the number 
of the horse’s toes during the course of its evolution. 

Five^ioed Ancestors , deduction in the Number 
of Toes In the Horse Family 

It is believed that the forerunners of the horse were aoimais 
like the five-toed Euprotogonia (Figs. 29a) belonging to the 
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flourished in the 


extinct group of the Condylaxthra, which 




Pits. 29. Skel«leiu of tbe foot of tbe earty hone» boo of the Eocene CoodyUrtbra, 
probable ecCMton of tbe horse. 

e, Bupwof^a «od b. Pfnwatbtt (Coodyl&ribre); o-g, stafee m the 
cvdotioa of the bone's foot frooi thre^toed to sUigl^toed forms; c, EefUppus^ 
d, Mtso/tippuj^ e, ffipp^on: A P/hh(pfiiu toi Eguus or modem botie 
(After OriM Kerr); ft, Indian Oiree-toed honei Hipparhn ib^cboUl. also 
round io W. PakisUQ. . 


North American continent and earlier (during the Lower 
Eocene) in Asia; or they may have been forms resembling 
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Phenacodus (Fig. 296), also one of the Condylarihra but bigger in 
size than Euprotogonia. Cope who first discovered Phenacodus 
regarded it as the actual ancestor of the horse lineage, but 
according to Romer this is unlikely as Phenacodus was itself 
contemporaneous with, and larger than, the four-toed horse, 
Eohippus. 

This primitive first known horse, Eohippus (Pig. 29c), lived in 
Asia, Great Britain and America’ in early Eocene times, that is 
at the commencement of the Tertiary era. It appears to have 
reached the North American continent, its main theatre of 
evolution, via an old land-connection across the present Bering 
Straits. Though it waa decidedly on the horse line, Eohippus 
was a very tiny individual, being leas than a foot in height, and 
reeembled a sleek racing dog more than a horse. U possessed 
four working toes in its front foot and only three in its hind 
foot. The fifth toe in the front foot still existed, but it had 
become useless, and persisted only as a vestigial structure. 

The further story of the evolution of the horse is the story 
of the numerical reduction of its toes through various intermediate 
stages, in an attempt to gain more speed, This may be compared 
(if it is permissible to stretch a point) to the parallel reduction 
in the number of wheels during the course of evolution : the 
four-wheeled cart followed, first by the three*wheeled tricycle, 
and then by (he two-wheeled bicycle (not to speak of (he motor 
cycle), the objective being essentially similar In all cases, namely, 
increased sp^. 

Eohippus was followed in Oiigocene times by another horse 
named Mesohippus (Fig. 29c'), like, shall we say, the four-wheeled 
cart by the three-wheeled tricycle. It possess^ only three toes 
in its bind foot as also In its fore foot (the fourth toe having 
become vestigial and, therefore, useless) with the middle toe, 
which was to become the hoof of the modem horse, better deve¬ 
loped than the side toes: But all the toes still touched the ground 
at times. Mesohippus was larger than Eohippus, standing about 
two feet in height. 

Mesohippus was followed in the next geological period, the 
Miocene, by horses like Proiohippus which, though having three 

'It oiust be poinUd out that 4t that rtmctt period the conflsuntioa of these 
UftHt wfts quite dUTerent to what it u io<i4y. And wbeo we relbr to Uwm couotriM 
by naoe in this contnt, we nmtly wish to give the reader a broad vbual cone^* 
tioo of the areas that we are speakiog of. 
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toes ia both the hind and fore feet, had the middle toe developed 
to such an extent that it alone touched the ground, while the 
pair of side toes stood well above the middle toe. At the same 
time, Protohippus showed an improvement in sits and speed 
over Mesohippus and stood about three feet high. Though the 
simile is not complete, this stage may be compared to the bicycle, 
a definite improvement upon the tricycle. 

Another horse, a near relative of Proiohippuy. was the Miocene 
Merychippus. It is believed that this horse is in the direct line of 
descent of the modern horse that has contributed so much to 
human happiness and comfort, and has played such a fine role in 
the life and romance of man. Indeed, but for the horse, history 
had presented a different panorama. There might have been no 
Alexander, no Caesar, no Crusaders, neither Shiv^i nor Napo¬ 
leon. And what is of more human interest, the course of many 
a romantic episode might have run differently I 

Another three-toed horse was the welUknown Hlpparlcn 
(Fig. 29 el The Indo-Pakistan contemporary of this horse was 
Hipparion iheobaidi (Pig, 29 h) that roamed the northern parts of 
the continent, particularly along the present region of the Hima¬ 
layan foot-hills before these were upraised. Fossil remains of this 
Hipparion are found in the SiNvalik rocks and many fine specimens 
of its molars and two hooves are preserved in the Museum of the 
Geological Survey of India, at Calcutta. It is believed that the 
single-toed Indian Hipparion gave rise to the Zebra. 

In the next geological period, the Pliocene, or even earlier, 
the first one-toed horse, PHohlppus (Fig. 29/), appeared. It was 
a direct offshoot of Merychippus and still reuined vestigial side 
toes. 

Finally the genus Equus (Fig. 29 g), to which the swift-moving 
modem horse belongs, appeared in America during the Pleis¬ 
tocene. It lived both in Europe and parts of Asia though, as we 
shall sec presently, it had disappeared completely from the Ameri¬ 
can region before the arrival of the Europeans. They introduced 
it, this time as a domestic animal and it ran wild again in its 
anccsual home ! The Equus stage may be compared (though the 
simile is again not complete) with the final product of evolution 
of the cart, namely, the motor cycle, the speediest ^hicle in its 
line, like the modem horse with a sinrie hoof, in his. 

It is of interest to record that the ^modern one-toed horse 
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bas somedmfis been known to produce (as an abnormality) 
young with three toes, thus indicating Che descent of Eguus 
from one of the three-toed forerunners. It is said that Julius 
Caesar rode on one of these three-toed horses. It would 
indeed be worth while unearthing its remains for biological 
examination, if only to see what impress the great Caesar left 
upon it! 


Physiographic and Climatic Changes responsible for Reduction 
In the Number of Toes 

It is remarkable that the change in the number of toes (and 
in the structure of the teeth, with which we shall not deal here) 
was connected with the change in the physical conditions from 
the Eocene to the .Pleistocene times, which we shall now 
briefly review, 

During the Eocene period when Eohippuj lived, North America, 
the early homeland of the horse, was a forest-clad region abound¬ 
ing in fresh-water lakes and rivers. The spreading live toes of the 
ancestral Euproiogonta- or Phenacodm-Wiio forms, or the four 
toes of the Eohippus, were suitable for locomotion in such a habitat, 
otherwise the feet would sink into the soft swampy soil. 

Gradually dry conditions began to prevail b that region, 
in the Oligocene, and the thick swampy forests gave place to 
dry woodland and more open ground. Swift movement was 
thus not only possible but necessary, especially for escape from 
marauding animals that lived contemporaneously with the horse. 
Thia meant that only those of the horse family which could 
thrive on the coarser grasses, and which acquired high speed 
by the modification of their toes, survived, while other lineages, 
unable to compete or adapt themselves to the new conditions, 
perished. 

In the Miocene, (when the major uplift of the Himalayas alao 
took place) Western America was uplifted into a plateau, and 
mountain ranges were developed. These cut off the prcvailbg 
westerly winds and with them also the moisture that they bore. 
The forest growth dwindled still further and gave place to wide 
open plains, hence swift movement became still more imperative 
for self-protection. It w;aa thus during the Miocene that the 
first incentive was given towards the evolution of the one-toed 
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horse; and even though the Miocene horse were all three-toed, 
the side toe generally appear to have served no useful purpose. 

In the Pliocene and Pleistocene, physiographic conditions 
continued to be on the dry side and vast grass-lands dominated 
the landscape. This made further evolution possible. Thus in 
the Pliocene, the one-toed horse made its hrst appearance and 
attained a fair measure of success. In the Pleistocene, the horse 
became much superior in size and speed to its Pliocene prede¬ 
cessors. 

Strange though it may seem, after its varied development, 
the horse became finally extinct in America. Whether this was 
a consec|uence of the intense cold of the Glacial epoch or some 
fell disease such as afiects horses and cattle today, we cannot 
tell. But this much is certain, that the horse disappeared from 
America but survived in Asia. The complete disappearance of the 
horse from America at the end of the Pleistocene after its many 
and varied ancestors had flourished in that region for several 
million years is one of the riddles of evohition for which no ade¬ 
quate explanation can yet be given, 


Evolution in Jlevfrse Gear 

We have earlier defined evolution as progressive, or moving 
forward. However, like the modem car placed in reverse 
gear, the vehicle of evolution sometimes moves retrogressively, 
i.e., backward, instead of forward. The simile between the vehicle 
of evolution and the modem petrol-run vehicle can be pushed 
even further, for they are both self-starters. There is, however, 
one difference : that while the latter can be checked by an intel¬ 
ligent driver, the wheels of evolution, like the Wheels of Fate, 
cannot be so checked. 

It would take too much of our space to dilate upon this subject, 
but many beautiful examples are known where a race, after evol¬ 
ving along a certain line for several million years, has found the 
final experiment unsuccessful, and then engaged the reverse gear, 
even like a motorist who has unsuccessfully tried a short-cut 
along an impassable by-road and has then had to reverse 1 

One remarkable example of evolution in reverse gear has 
already hten given, namely, that of a potato-like individual 
among the tunicates, permanently fixed to a rock, but descended 
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from a lively, free-moving tadpole-like ancestor (see p. 47), This 
ancestor is still reproduced each time in the young larva of Che 
tunicates (Figs. 10 b,c) which swims about in the sea before 
attaching itself Co some object and changing into the ‘sea-potato’. 
These changes, however, Cake place at phenomenal speed, In the 
course of a few hours- 



Pia. 30. fifibrtJy diMrsmmatic sketcfiu of various c^alopods illusiniiriB 
evolutioa hi forw&rd aod revtm tears. 

evolulionio ror««ird |ev coiling); «-A, evohilioo b reveno mr 

(fraotttl uAeoilli]|i. After milboni of years to aliDost straight, eonkal form 
A, with which this group begu its frotaoce, was produced. 

A most interesting example of evolution in the forward 
gear followed by evolution in reverse gear is furnished by the 
group of marine shelly animals belonging to the Cephalopoda 
(Fig. 30). Members of this group commenced life as straight cones 
(Fig. 30 fl) in the early part of the Palaeozoic era, but soon 
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developed alendency to coil They first became horn-shaped (semi- 
coiled), then by gradual stages they assumed a completely coiled 
form, and finally, this tendency became so pronounced that in 
some of the more advanced species, only the last whorl of the 
coil was visible. This experiment continued for millions of years, 
but its final stage (complete coiling) proved a failure and, at the 
commencement of the Cretaceous period, they engaged Che reverse 
gear oflheir evolutionary vehicle. They then gradually commenced 
uncoiling, passing once again through a similar series of succes¬ 
sively less-coiled forms till, finally, after the lapse of scvemi million 
years, they again assumed the almost straight conical shape of 
their early ancestors (Fig. 30 A). But unfortunately, Che reverse 
gear appears to have been engaged too late, and with but one 
exception, the entire Class perished at the end of the Cretaceous 
period. The sudden and almost complete extinction of this animal 
group which reigned supreme through millions of years, is also 
one of the many riddles of evolution. 

It may interest the reader to know that the solitary survivor 
referred to above, is the well-known Nautilus of the Indian Ocean. 
It has figured even in poetry, and representations of it appear in 
the architecture of the India Gate, New Delhi. 

The phenomenon figuratively described as ^evolution in reverse 
gear* must, however, be understood to take place in a very 
limited sense. For when an organism reverts to its ancestral 
(primitive) form, it does so only superficially and still retains its 
bwn distinctive features. Irreversibility of Evolution is, in fact, 
an established principle, which implies that steps in evolution 
once taken cannot be retraced, except in a superficial manner. 
A species once extinct, never recurs. 

Unequal Evoliuion : Origin of Divergent Races of Fossil Man 

We have taken pains to stress that there is diversity in 
evolution. Man is no etception to this law. Thus we find 
that man has not become progressively more refined in all aspects 
(physical or moral) from generation to generation, even though, 
taking the race as a whole, be has possibly shown some improve¬ 
ment, But andent races are known, to wit the Upper Palaeoli¬ 
thic Cro-Magnons, who were not inferior in physique to the most 
highly developed modern races, and whose direct descendants 
are l^eved to he the stalwart Guanebe, cave-dwellers of the 
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Canary Islands, who lived undisturbed in their Palaeolithic 
environment un^l a few hundred years ago. 

It is also true that different parts of the body have not evolved 
at the same rate, for the impact of environment has not been 
uniform in several different directions at the same dme; and 
there are other equally important factors inherent in the race 
which have not remained constant. Thus we find that while one 
race of fossil man possessed, say, limbs comparable in some res* 
pectsto that of modern man and a skuH with many ape-like charac¬ 
teristics, another ^ of a later age possessed legs and arms resem¬ 
bling in several respects, those of the apes, while the skull and jaw 
were more man-like than one would expect to be associated with 
an individual possessing such limbs. And if certain evidence is 
to be relied upon, we know of an extinct human species that 
combined a modem type of skull with an ape-like jaw. The 
erect posture found in the Australopithecinae (sec p. 212), which 
was attained earlier in these sub-men than in any definitely known 
human species, preceded the development of the brain. Such 
diversity of combination is of great interest and importance, and 
every student of evolution should bear it in mind. Moreover it is 
becoming increasingly clear, though all authorities do not neces¬ 
sarily accept this view, that some human characteristics which 
we hitherto regarded as advanced are really primitive. All we 
can say is that as new facts are coming to light, the picture 
of evolution is unfolding itself. 

The progress of evolution may be likened, say, to that 
of the Frontier Mail from Bombay to Amritsar, where all passen¬ 
gers do not necessarily travel from the start to the terminus. 
There are many stations en route, where passengers alight, their 
journey ended. They mark similar terminations on the evolu¬ 
tionary road. But other passengers proceed further, perhaps 
along certain branch lines leading to various outlying destina¬ 
tions, comparable to other stages in evolution—the journey 
always coming to an end I Rarely do passengers travel all the 
way from Bombay to Amritsar, and, though cases are known, 
only a few types have travelled their way, so to speak, almost 
from the very inception of organic existence to the present day. 


CHAPTER V! 


THE GREAT ICE AOE OR PLEISTOCENE EPOCH 
IN EUROPE, INDIA, PAKISTAN AND BURMA 

The greatest changes that man has experienced in his physical 
evolution, and about which we have definite evidence, cook place 
during the Great ice Age or Pleistocene epoch—the last major 
.subdivision of geological time. 

It is perhaps not commonly known that the Ice Age was not 
a period of one continuous glaciation, but that ii consist id of a 
number of Giacial phases {when actual ice conditions prevailed) 
aliernaiing with Interglacial phases, when the climate was more 
genial. conditions obtained in the northern, temperate 
latitudes and in the high mountainous regions of the southern 
lands, but in other areas milder conditions prevailed and are 
defined as Pluvial (Latin, jp/wv/um—rain) and Interpluvial, 
corresponding to the Glacial and Interglacial periods of the gU- 
dated regions. These Pluvial periods were very suitable for early 
man. As further details will bs given when we consider the Ice 
Age in the Indian continent, Burma and Ceylon, we shall not 
elaborate the subject'here. 


EUROFB 

Nattire of the Evidence: 

Glacifiuvial and Moraine deposits and River Terraces 

Our knowledge of the Great Ice Age was founded upon some 
^remarkable studies on glacifiuvial and moraine deposits in 
Semdinayia and in the Alps, particularly those by two weE 
known gladologists, Penck and Bruckner, in the Alpine regiois. 
We shall accordingly give a brief accdimt of their results, for 
it will enable us to understand the problems connected with, 
die ice Age in the Indian continent and neighbouring lands, 
with which we are immediately concerned. It will also enable 
us to see early man in these regions in bis correct chrono¬ 
logic^ perspective, 

7 
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The formations referred to above, consist of materiaf depo¬ 
sited by streams issuing from sheets of ice and from glaciers 
(glacifluvial deposits) or of material torn from the valley floor 
by moving ice and left either at the end of the glacier (terminal 
moraine) or along its sides (lateral moraine). Before retreating 
during intervening warmer periods, each advance of ice during 
the Ice Age left its mark in the form of such deposits across the 
plains of Europe and in the Alpine region, and each deposit 
proclaims evidence of a separate episode within the glacial 
cycle. 

The evidence of glacifluvial and moraine deposits naturally 
relates mainly to glaciated regions, that is, areas actually covered 
by ice. What then of those regions which were not subject to 
glacial conditions, such as many.parts around the Alps and the 
whole of the Indian continent south of the Himalayas? The 
evidence from these repons, distinguished as Periglacial 
(surroundiDg the glacial, see Fig. 31) reveals a parallel story 
in their river terraces. This enables us to correlate 
the evidence from the two regions. In order to darify 
these problems of correlation it is essential to explain briefly 
tfie-significance of river terraces. It is obvious that during 
'-"'me warmer spells, rivers contained sufficient (Quantities of water 
to erode their beds, As a result, they left flat areas around their 
banks high and dry, which erstwhile formed a part of the river¬ 
bed. These constitute river terraces, and since they were formed 
by erosion they are known terraces of degradation. In contrast 
to this, deposition took place during ie colder phases when the 
river had less water and comparatively more material in suspen¬ 
sion than it could carry. In this way aggradation terraces 
were formed by deposition. Suck terraces are well seen along 
mountain rivers, particularly where they debouch into the 
plains- If the r^er has not already noticed them, he can 
do so while traversing the submontane areas near Kalka, Pathan- 
kot, Jammu, Dehra Dud, etc. Indeed, these tenaces may be seen 
even from the train, particularly as one approaches Kalka. Such 
terraces can also be seen along the Indus, Jhelum and Sohan 
rivers in Pakistan, along the Irrawaddy and other rivers in Burma 
and along the rivers traversing the peneplains of Ceylon. 

A fact which heeds emphasis is that in each river system the 
higher terraces are successively older than the lower ones, the 
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level ground immediately above the existing rivers being the 
youngest of them alh. Palaeolithic and Neolithic man lived on 



31. The Glacial regions were acmally covered b? ict during the Great Ice Agti 
\^ie more geaUl conditioiu prevailed in the ^/glacial legions. 

these terraces because water and materials for making stone tools 
were pleotifuj. It is thus possible to date the fossil retnaiDS of 
man, his implements as well as the animals that he hunted and 
brought home for food, for they all lie buried together in the 
sUts and gravels of these terraces. 

posiiioo U the reverse of that which obtains in a normal geological 
seqtNDCo where each higher bed is succeasivelx )>oungtr tbao (he nndetbiog one 
(see p. I7j. 
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By means of these fossil remains and other evidence, it has 
been possible to correlate the climatic changes which resulted 

in the formation of these terraces, with corresponding Glacial 

and Interglacial phases of the glaciated areas, for the glacial 
moraines merge into terraces of like date. In this way a 
connected stoiy has been built up which tells us of the 
sequence of events in the glacial and the surrounding penglacial 
regions- Details of this story we shall now briefly relate. 

Tht Alpine Region 

In Europe we have by now a fairly complete picture of the 
Pleistocene epoch, but so far as the Indian continent, Burma and 
Ceylon are concerned our knowledge is still meagre, though 
much advance has been made during the last two or three 
decades. In order to give a satisfactory account of the Ice Age 
of these regions it is essential to deal first with the Pleistocene 
of Europe where the record is far more complcte- 

Upon the basis of evidence afforded by the glacifluvial deposits 
which occur in four terraces, Penck and Bruckner distinguished 
four gl^iations in the Alps. This conclusion has been anived 
^“because these deposits actually grade into the moraines of 
four major glaciations, namely. Wiirm, Riss, Mindel and Giinz, 
in descending order- Each of these is separated by warmer 
Interglacial periods. The equivalenu of the v^U-known Villa- 
franchian subdivision whi^ constitutes the base of the Pleisto¬ 
cene sequence and which in many places contains the first E^uus 
{horse), Elepkas (elephant) and Bos (bison), occur below the 
Gunz stage. The sequence of glaciations given in Fig. 32 
obtains In the Alpine region. , 

Attention may be drawn here to two or three important 
points. Firstly, that the Great Ice Age consisted of four distinct 
gladatioDs s^arated by interglacial periods. Secondly, the 
glacial and interglacial periods were not of equal duration, 
but showed considerable disparity. For example thb Second 
Interglacial period which lasted for 240,000 years according to 
geological evidwice, and 190,000 years according to radiation 
da^ was at least three times as long as dther the First or Third 
i&Jglacial periods (duration 60,000 years each). For this reason, 


GREAT ICE AGE ! EUROPE, INDU, PAKISTAN AND BURMA 101 


PERIODS 

SUBDIVISIONS 
ALPINE AREA 

EQUIVALENTS 

HOLOCENE 

POST-GLACIAL 

POSTGLACIAL 

UPPER 

PLEISTOCENE 

WORM 

Cold phase 
Warm phase 
Cold phase 
Warm phase 
Cold phase 

FOURTH GLACIAL 

LAST INTERGLACIAL 

THIRD iNTBROLACtAL 

MIDDLE 

PLEISTOCENE 

RISS 

Cold phase 
Warm phase 
Cold pease 

THIRD GLACIAL 

GREAT INTERG LACtAL j SECOND INTERGLAOAL 

. 

LOWER 

PLEISTOCENE 

VILLAFRAN- 

CHIAN 

fCold phase 

MINDEL \ Warm pha&e 
[Co\4 phase 

SECOND GLACUL 

FIRST INTERGLACIAL 

FIRST INTERGLACIAL 

f Cold phase 

GONZ Warm phase 

(.Cold phase 

HRST GLACIAL 

DONAUCTAOES FTC. 


Pi^ 32. SuMivUIons of the Euiopttm Pleisioceeo. Tbe terms 'Cold phase’ and 
'W«;m phase* are ioteoded to express only the rehilvt iateiisiUee of cJimate. 
(Adapted froot Zeuoer) 


the Second Interglacial is sometimes spoken of as the Great Inter¬ 
glacial. Lastly, that even ike above-mentioned subdivisions {Glacial 
periods) suffered minor climatic fluctuations within their own span. 
thus detailed work has shown that the Fourth Glacial was 
broken up by two intervening periods (known as Hmersiadusl^) 
when somewhat higher temperatures prevailed, as shown in 
Hg. 33, where lot i, LGI 2, LGi 3, r^esent cold (glacial) phases 
widiin the Fourth Gladal (Wunn). 
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PEJtlOD 

SUBDIVISIONS 

CLIMATE 


LOl 3 

GLACIAL 

WET AND COLD 

LAST 

GLACIAL 

INTERSTAOIAL 

TEMPERATE 

COLD 

OR 

LGI 2 

GLACIAL 

WORM 

iNTER^TADfAL 

COLD 

MODERATELY WARM 
COLD 


LOi 1 

GLACIAL 

LAST UfTBROLACIAL 

COLO 

MODERATELY WARM 


Pit. 3i. Showing diinatic nuctutiioM wMM the Utt or 
Fourth Oltc1iUoft,eorToipondln8 le WOrm, (Based onn 
MCtior in North En^tnd }» Anriairong). Nol lo scale. 


Dividing Lines be/tvecn the Creai Ice Age and Recen! and 
Tertiary Times 

Tbe Pleistocene merges insensibly into the Recent Period. 
The line separating the Ice Age from Recent Tim« is, by its 
very nature, indefinable. And, indeed, it will be obvious from a 
more detailed consideration of the problem that, taking the epoch 
as a whole, we may even regard our own times as being part of 
tha Great Ice Age. After experiencing one of these periods of 
* intense cold—the Last Glacial—we are now passing through a 
warm phase which is perhaps merely an Interglacial period that 
commenced about 15,000 years ago. It would not be at all 
surprising if yet another period of icc formation should set in 
some thousands of years hence—thougji who wiU live to tell the 
story, no one can say. 

The boundary between the Tertiary and the Great Ice Age 
(a chronological boundary like that, say, between the Mughal 
and the British periods of Indian history) is similarly inde¬ 
finite. Therefore a difference of opinion exists as to whether the 
first glaciation should be regarded as marking the beginning of the 
Pl^tocene or whether the boundary should be drawn earlier. The 
latter view now prevails. Accordingly, one of the earliest kjiown 
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fossil men, the Java ape-man, once assigned to the Upper Plio¬ 
cene (Tertiary), is now regarded as having lived during the early 
part of the Lower Pleistocene and he may have survived into the 
Middle Pleistocene. But it is obvious that in a way the point is of 
no intrinsic importance, for much depends upon where we choose 
to draw the dividing line between the two epochs, which is more or 
less a matter of convention. In any case, it is now held that the first 
appearance of the true elephant, Elepkas, of the modern horse, 
and of which includes the bovines such as bison, 
and true cattle, marks the commencement of the Ice Age from 
the palaeontological point of view, The fauna containing these 
occurs universally in Europe, India, Africa, China, etc.,, and is 
known as the Villafranchian, In India, the first camels (Camtlus) 
too. appear at this horizon. Also, this sudden introduction 
of a new fauna, constituting a fundamental change from that 
of the Pliocene, coincides with an equally marked climatic 
change, for the mild conditions obtaining in the Pliocene are 
replaced for the first time by. colder conditions. Moreover, 
(and this k in some ways most important), further uplift of the 
now mountainous parts of India occurred during this period, 
causing a physical break between the Pliocene and younger 
rooks, ** 

For the purpose of this work, and without going into contro¬ 
versial details, we may accept the chronology or subdivisions 
of the Glacial epoch given in the Table on p. 101. This will 
enable us to understand the order in which different fossil men 
have appeared on the face of the earth, and the climatic and other 
physical conditions obtaining duripg their evolution. 

Early man existed not only during the warmer spells 
of the Ice Age—the Interglacial epochs—but also during periods 
of intense refrigeration. His survival, when so many groups of the 
larger mammals perished, was no doubt due to his greater adap¬ 
tability and intelligence, which was probably accentuated by the 
severity of competition initiated since the day his ancestors left 
the tree-tops to live in the open country surrounding their forest 
home. 

Puitbermore it is important to realize that while glacial condi- 
tioQS obtained in the higher latitudes, the tropical zonea enjoyed 
qoitegeoial conditions, msdnly with increased rainfall. For this 
reason one speaks of PluvnaU and Interpluvials, corresponding 
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respectively to the Glacials and Interglacials in the colder 
?ones. Early man flourished during the Pluvial periods- 
Detailcd reCerence to these will be made while dealing with the 
Pleistocene of India and the neighbouring lands. 

Did Man exist before the Glacial Epoch ? 

While the known facts of human evolution, based upon actual 
fossil remains of man, relate mainly to the Great Ice Age. there 
is indimci evidence that the existence of man dates back to a 
much more remote era, the Tertiary. What then is the evidence 
adduced in favour of this ? As the question is of prime im« 
portance in man's evolutionary history, it deserves careful 
consideration. 

In Che absence of actual fossil remains of man. such evidence 
can only be of an indirect nature as, for example, stone or bone 
implements, sculpture or other proof of human industry and 
workmanship. The question before us, then, is whether such 
'implements' as are found were actually shaped by human hands 
or are the result of mere accident. In many places flints hqve 
been found In the Tertiary rocks (e.g. of Europe and the supposed 
Upper Miocene of Burma) which appear to show traces of\ 
human workmanship, while certain bones have also been found 
with apparent marks of engravings on them. Such flints are 
called eoliths or the ‘first Implements*. It is, however, remarkable 
that in not a single case haa it been possible to demonstrate 
beyond any measure of doubt that these are of definitely human 
origin, for neither the ‘eoliths* nor other apparently worked bones 
are associated with old kitchen hearths or human bones, or 
with other undoubted human relics. 

One instance may, however, be noted, namely, the flint imple¬ 
ments found at Fox Hall, near Norwich in England, which 
are believed to be of late Tertiary age and which are associated 
with what might be kitchen hearths. Beyond that, it is impossible 
to assert anything with confidence. In the case of the Burma 
finds, it has now been proved that the rocks embodying 
the implements are not of Tertiary age. as previously held, but 
are aa recent as Neolithic. 

We may ^o refer here to the Kanam jaw, assigned to Homo 
sapiens, from certain deposits on the eastern side of Lake 
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Victoria in Africa, Now if such an advanced type of humanity 
existed in early Pleistocene times, it follows ipso facto, that its 
ancestors must have lived in still earlier times, possibly in 
the Pliocene or even as early as the Miocene. However, 
since an element of doubt still enshrouds the question of the 
age of this find, no definite opinion can be^xpressed. 

Among the supporters of the human origin of the eoUihs 
found in pre-PIeistoccne rocks were some well-known scientists 
of their time, namely G. dc Mortillet in France, M Rutot in 
Belgium and Reid Moir and Prestwicb in England. The thcoiy, 
however, owes its origin to Abb6 Louis Bourgeois of Paris. 
The idea has been opposed by many and no longer holds the 
field, for it is asserted that eoliths can be produced by sudden 
changes of temperature, as in the desert, by flint nodules rubbing 
against each other, as in certain mills in which chalk and flints 
are allowed to rotate, or even by pressure exerted by overlyiog 
rocks. Moreover it is argued that none of the Tertiary maci»lil« 
beings, even Australopithecus, the human status of which is in 
any case slill doubtful, were big enough to be able to use 
flint ‘implements' of the size associated with their remains. 

CAUSES OF THE ORB AT ICB AOB 

After this brief account of the Great Ice Age, we may reasonably 
enquire, What were the probable causes that 1^ to glacial con¬ 
ditions and made the creatures of the world shiver in tbc cold 7 
To be frank, we do not definitely know, though many theories 
have been advanced. Let us examine some of these, 

Refri$eration due so Flanening of the Earth's Orbit 

Firstly we might mention the view put forward by the astro¬ 
nomer Croll. He assigns the Great Ice Age to the inclination 
of the earth’s axis combined with excessive flattening of tbe 
earth’s orbit causing prolonged winters, and fast-fleeting summers 
when the temperature waa neither auffidently nor of long 
enough duration to allow the snows to melt to any appreciate 
degree (see footnote p- 30). This theory has by now been ^neraliy 
abandoned, and it should be made clear that it has nothing to do 
with the time-scaJe of MUankovitch based on solar radiatioii 
into which the flaltaiing of thd orbit enters as one of the elements. 
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The more advanced reader is referred to the publications of 
Milankovitch and others. 


ke^Condithns due to Continental Uplift 

A view that is now widely held assigns the lowering of tempera¬ 
ture to uplift of large continenul masses of the earth’s crust, 
such as took place during the late Tertiary era and the Pleistocene. 
It was not likely that such colossal geological and geographical 
upheavals would fail to influence the world’s climate. The result 
was that at higher elevations more snow fell, that snow fields were 
formed and glaciers developed, with concomitant lowering of the 
snow-line all round. Similarly, there is positive proof that during 
the Pleistocene, elevation of the Lower Himalayas took place. 
For example, about the middle of the Pleistocene, parts of 
the Himalayas were uplifted by not less than 7,000 ft., since we 
find that older rocks (of Lower Siwalik age) are shifted or 
thrust bodily over the younger, Middle Siwalik formations. And 
there is definite evidence that the Himalayas are still rising, for 
what appear to be Recent alluvial deposits have been seen tlirust 
over the much older Siwalik rocks as, for example, in the Kalka 
area of the Punjab. 

However, uplift alone cannot wholly account for glaciation 
because there are regions of the earth, like the high Tibetan 
plateau, which are not entirely covered by ice. Furthermore, 
the occurrence of Interglacial periods would imply that a re¬ 
versal of geological and geographical events took place at regular 
intervak, bringing warmth, of which there is no evidence, although 
there is evidence enough of such negative movements, not only 
in Europe, but also in other parts of the world, In India, the 
presence of submerged forests along the coast of Bombay and 
in the delta of the Ganga and elsewhere may be regarded as 
evidence in point. Pleistocene climate Mw many ups and downs 
and its behaviour has been rather similar to that of an automatic 
refrigerator. As soon as sufficient ice is formed the motor slops, 
only to nsslart before long. The“heaving8 of the earth’s broad 
breast”, causing uplift and subsidence of land, correspond to 
the regular tbrob of the motor, while the refrigerator itself 
might be the earth, on a small scale. Those who find it difficult 
to accept a frequent alternation of uplift and subsidence might 
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accept the basic idea that uplift has httreased the possibilities of 
U e'/ormaihit, whilst the Chcfols and Intergfadah are superimposed 
oscillations due to a different cause, such as seasonal distribution 
of radiation. This appears to be at present the most probable 
explanation, 

Ice Age due to Decrease in the Heat Radiated by the Sun 

A third view assigns the Ice Age to a temporary decrease in the 
amount of heat radiated by the sun. which is known to vary 
slightly. Even an inconsiderable fall of the earth’s temperature 
might so affect the northern latitudes as to cause extensive ice 
sheets to form, For further details reference may be made to 
pages 31-32, where the effects of solar radiation are discussed. 
However, the causes that probably led to variation in the solar 
radiation are still obscure, 

The Earth catches a Chill 

A fourth view envisages that the earth passed through an excep¬ 
tionally cold part of space or through darkening clouds of matter 
which brought about a lowering of temperature and ice condi¬ 
tions. This is, however, a mere statement that the earth caught 
a chill in an unguarded moment—much like the physician’s 
diagnosis when the malady is uncertain. 

In short, of the four views expressed above, that of uplift 
causing a general lowering of temperature seems the most plau¬ 
sible- Other factors, of which unfortunately we have no clear 
knowledge, undoubtedly contributed towards this initial cause. 
We need not mention other theories; those described give an 
idea of the ways along which the causes of the Ice Age are being 
sought. 

Other Ice Ages 

In passing it may be mentioned that the Great Ice Age was 
not the only glaciation the earth experienced during the course 
ofitslong geological history, but there were several others, at 
different mtervals. The Pleistocene or Great Ice Age gives the 
most spectacular evidence of its occurrence because of its proxi¬ 
mity, to us in time, and by virtue of its being the period during 
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which man has evolved» it has naturally received the greatest 
attention from scientists. 

'One period of glaciation occurred as long ago as the 
pre-Cambrian times during which no definite trace of organic 
life has been found, though stray evidence, such as the presence 
of worm-tracks, etc., points to iu existence. It is a period of 
time $0 remote that none of the vertebrate groups—fishes, 
amphibians, reptiles or mammals^had even appeared, and it 
takes us considerably over 500 million years back. 

Another glaciation occurred during the late Carboniferous and 
early Permian times, about 200 million years ago, and was even 
morO'widespread in the southern hemisphere, than that of the 
Pleistocene, Evidence of it, consisting ofpebbles and boulders stria¬ 
ted and polished by ice action, is found well nigh the world over. 
In India a formation known as theTalchir Boulder bed contains 
numerous such boulders and pebbles, and may be seen in the 
coal-bearing areas of Bihar and in the Mirzapur district of Uttar 
Pradesh. A similar Boulder bed is seen in many parts of the 
Himalayas. This boulder bed of glacial origin is again seen 
in the Salt Range of the West Punjab {Pakistan), particularly 
in the neighbourhood, of Khewra, the important salt-mining 
town, right on (he Khewra-Choya Said an Shah road. 


INDIA: GLACIAL AREAS 
Kashmir 

The European Pleistocene, the first to be investigated in detail, 
naturally forms the basis of comparative studies within the conti¬ 
nent of India and other regions of Asia. 

As the problem of Palaeolithic man is closely connected with 
Pleistocene stratigraphy, we shall briefly deal with this, confining 
our attention to India, Pakistan and the contiguous regions 
of Burma and Ceylon. It may, however, be mentioned that 
the problems connected with early man in India and Pakistan 
are identical, despite new political boundaries. 

In temperate Europe and in the Alps, the Pleistocene dimatic 
alternations have been described as Glacial and Interglacial. 
However, in the Himalayan region where conditions* were 
identical with those of the Alps, the climatic cycle (Glacials 
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and Interglacials was also similar to that of the Alpine region, 
which enables us to establish fairly accurate correlation between 
those areas. 

In India the upland vale of Kashmir, situated approximately 
5,000 ft. above sea-level, was a lake during the Pleistocene Ice 
Age. Its remnants still persist as the Dal and the Wular into 
which the Jhelum now discharges its waters. In this Pleistocene 
lake were accumulated the wellknown Karewa deposits consisting 
mainly of clay, silt and gravel. The Xarewas embody in their 
terraces and interbedded gravels and moraines the record of 
climatic fluctuations and of earth movements which uplifted this 
region more than once during the Pleistocene and brought about 
glaciation. 

The sequence of climatic i^uctuations during the Great Ice 
Age in Kashmir is summarised in Fig. 34 and is generally 
applicable to the Himalayan region, In this Table the cor* 
relation of the Kashmir glaciations with the Alpine sequence 
is obvious, the First, Second, Third and Fourth Glacials of 
Kashmir b^ng equivalents respectively of the Gxinz, Mihdel, Rfss 
and Wiirm glaciations, while the First, Second and Third Inter- 
glacials correspond to similar climatic breaks in the Alps and 
parts of Europe. In the Alps, the OUnz is preceded by several 
sub-stages. These were placed in the Pliocene by some authors, 
but on fossil evidence they are now assigned to the Villafranchian. 
In Kashmir the Pliocene consists mainly of freshwater sediments. 

’v/jNDIA: PBWOLACrAL ARBAS 
The N^arbada Valley 

Ifi Che central peninsular region of India as, for example, the 
valley of the Narbada, the terrace record is far from dear, 
However, the available evidence appears to point to a parallel 
cyde of deposition and to similar stone industries as in the 
north-western (Potwar) region of the Indian continent where a 
complete sequence exists (p. 118). Whilst even the breaks (marked 
by uplift in the Himalayan, Narbada and Potwar regions) seem 
Co occur at similar horizons, it must be stated that the correlation 
between the Pleistocene of the Narbada and the Potwar areas 
is based in addition upon cbe similarity of their stone implements. 
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But it has to be admitted that strict contemporaneity of these 
events has yet to be proved, What is important for the reader 
to understand is that in the Narbada valley, so remote from 
the Indus and Sohan' rivers, artefacts are found which Cypologw 
cally belong to the ‘Sohan’ Industry characteristic of the north¬ 
western part of the Indian continent, now in West Pakistan. 

The sequence of events and the succession of stone industries 
in the Narbada valley is given in Fig. 35. 
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The Sabarmati Valley : Gujarat 

During the last years, valuable work has been done 
in this part of Gujarat ^ Sankalia, Iravati Karve andKuruIkar. 
More recently this has been extended by the researches of Zeuner, 
who has approached the problem from the geological standpoint. 
He has unravelled the geological and climatic succession of the 
Pleistocene of the Sabarmati valley which is summarised in 
Fig. 36, commencing with the earliest known phase, the Laterite. 

GEOLOGICAL CUMATES 

FOR MATIONS AN 0 ARCHAEOLOGY 

lATTWre CUMAICUOPie &AM^ THAN TODAY 
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Hg. 3d. PlajEiocene sequence io the SEhainaU vrU», Gujem. Noce&UecTRCiOD of 
sm EDd dry clirnalea. Arid conditioos set io n^ly. (Adapt^ from Zeuner). 

From this sequence it is obvious that in Gujarat, too, wet and 
dry conditions alternated, with a tendency on the whole to a 
final setting-in of dry conditions. 

Unfortunately, no extensive remains of vertebrate fossils have 
been found, nor is there other evidence on record which might 
enable one to correlate with precision the various phases hoted 
above with the Himalayan Glacial periods, but the alternation 
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of humid and drier phases seems sttongly suggestive of some 
parallelism. Moreover, the presence of Palaeolithic implements 
typological I y similar to those of the Sohan industries of the 
West Punjab (Pakistan) and of middle to late Acheulian artefacts 
seems to indicate that Palaeolithic man in Gujarat lived during 
limes corresponding to the Third Glacial period; his antiquity 
is thus estimated at between 150,000 and 2(X),0()0 years. But 
no actual fossil remains of Palaeolithic man have so far been 
found here. 


2 he West Coast Region : Bombay 



A Pleistocene succession has also been distinguished in the 
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Wet Coast region of India, The ardent collector may reap a 
harvet of stone implements in the Padan Hill at Kandivli and 
around BorivU about two mile north of Kandivli where fossil 
remains of horse aUo occur, though somewhat sparingly. 

Unfortunately this area he not been investigated in great 
detail and one can only await further reearche for additional 
information. The Pleistocene succession at Padan Hill is shown 
In Fig. 37, 

V Tht East Coast Eegion .* Madras 

The Pldstoceoe of this region is fairly well defined, panicu> 
larly in the coastal areas drained by the Kortalayar river. This 
river haa cut through the Laterite and has developed four Pleisto¬ 
cene terraces, such as arc seen in other parts of the Indian conti¬ 
nent. These terraces contain a wealth of stone implements which 
is truly noteworthy. Most important ^om the arcbaeologicai 
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viewpoint are the localities VadamaduTai and Attirampakkam. 
The Pleistocene sequence at Vadamadurai shows the Boulder 
Conglomerate resting on a pre-Tertiary basement of gneiss, , 
followed by Detrilal Laterite and then by Terraces 1-3. Terraced 
appears to be present but is not well-defined and is not 
considered here. The implements contained in these divisions 
belong to three different groups. The Boulder Conglomerate 
contains two series, an early, characterised by crude, rolled 
and heavily patinated hand-axes of Abbevillian type, and a 
late series of early Acheulian hand-axes with step-flaking. 
The Detrital Laterite contains middle Acheulian hand-axes 
which are flatter and have better defined step-flaking. This 
aeries also contains flakes with definite evidence of retouching. 
The third category characterises the Terraces U3 and contains, 
besides cleavers and disccidal cores, Upper Acheulian hand- 
axes which had evidently been prepared by the use of wood*, 
technique. The stratigraphic and archaeological sequence is ^ 
summarised in Fig. 


PAKISTAN 

The Poiwar Regicn 

We have already unfolded the sequence of events during the 
Great Ice Age in the Himalayas and other parts of India. Lei 
us now inquire into the geological and climate conditions which 
obtained in West Pakistan, south of this great mountain ^ain, 
so that the reader knows of the environment under which 
primitive man lived there. It may be stated at the very outset that 
mest q{ this area, like the hw^Iying conimental region of India, 
war never actually covered by ice even at the teniih of any of the 
four Glacials. 

Although in the remaining continental region of India, the 
Pleistocene has not been studied in the same detail as in the 
Potwar plateau, many workers believe that generally an identical 
sequence of climates obtained in both areas. Furthermore, whilst 
it is geneially held that the Pluvials occurred over the whole world 
at the same ^e as the Glacial phases in tenperate regions, recent 
work in the Sabarmati valley in Gujarat, leads one to the conclu¬ 
sion that Uiis may not be strictly true of all legtons, but only of the 
Mediterranean region lying north of the Dry Belt of (he globe. 
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In so fat a$ the Tropical Zone (Equatorial + Monsoonal Bells) 
i% concerned, it is not absolutely certain that the respective 
Glacial-Pluvial and IntergladaHnierpluvial periods were con¬ 
temporaneous. In any case, much more work needs to be done 
before one can arrive at final conclusions. But in order not to 
\ confuse the issue for the reader, we shall accept their contem¬ 
poraneity pending further e^dence in support of the other view. 
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The Potwar region lying north of the Salt range, provides an 
excellent example of an area where, instead of gladal condi¬ 
tions, Pluvial and Inierpluvial conditions prevailed (Fig. 39). 
The valleys of the Indus and Sohan rivers have been Studied in 
detail by dc Terra and Paterson, who have proved the existence 
of five successive terraces there, four of Pleistocene age and the 
fifth Post-Pleistocene (Fig. 40). Here too, the aggradation tenaces 
connect up with moraines of the corresponding glaciations, 
provirrg an identical relationship between the terraces and 
moraines as in the Alps. 

This region is of great importance not only from the point 
of view of climatic fiuctuatiocs during the Great Ice Age, but 
also in its bearing upon Palaeolithic and Neolithic man and his 
cultures. Here a close connection exists between the Pleistocene 
and underlying Pliocene rocks, together grouped in the Siwalik 
formation, which are d^osits of freshwater origin about 20.005 ft. 
Chick. This connection is naturally reflected in the climatic 
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changes from the Pliocene (Tertiary) to the Great (ce Age (Pleis¬ 
tocene), with which we shall now deal 

During the Pliocene, these deposits svere being accumulated 
under tropical or subtropical conditions almost throughout 
its three substages, the Chinji, Nagri and Dhok Pathan which 
constitute the Lower, Middle and Upper Pliocene respectively 
(Fig. 40). it must, however, be mentioned that already in the 
Nagri stage (Middle Pliocene), drier conditions were setting in 
because we find abundant fossfl^remains of the Pliocene horse, 
ffipparioriy indicating the existence of open grass plains instead of 
the forest growth of the tropics. This climatic change was conti¬ 
nued into the Dhok Pathan stage which provides evidence of 
aridity. At the close of the Pliocene, the Potwar region was up¬ 
lifted and this cycle of deposition, which began with the Upper 
Miocene, came to an end. 

Considerable denudation took place as a result of the uplift, 
and a vast pl^ (peneplain)' came into existence. It was upon 
this plain that the first Pleistocene rocks (Tatrot and Pinjaur) 
were laid (see Fig, 40). The Tatcots consist mostly of deltaic 
deposits, conglomerates and silts, and contain the typical Villa- 
franchian fauna of Equus, Ekphas and Bos which, as we have 
seen (p. 103), characterises the commencement of the Great 
Ice Age and forms the boundary between the Tertiary and 
Pleistocene, Besides these, remains of Camelus, Giraffa and 
Bhitioceros also occur, particularly in the Pinjaurs. 

The Tatrot fauna U on the whole sparse and seems already to 
indicate a change of climate. In addition, the presence of angular 
quartz grains Indicates ice action, while the deltaic nature of 
these deposits—boulder beds, silts and massive freshwater 
sandstones—is evidence of heavy rainfall and of streams carrying 
large quantitiee of sediment. For these reasons, the Tatrot 
stage is considered as Pluvial and is equated to the First Oladal. 

On the other hand, the presence in the Pinjaurs of the prolific 
fauna consisting of elephant, camd, rhlnocerc^, giraffe, no less 
the nature of the sediments, probably laid in vast plains by 

‘AAcf a tud area Is uplifted, ptoc e esea ct deoudaUcc aet in. and tbeee, core- 
whh rfvtf actioe, rendt io a levri plain. This Is knowo as a pen^thU. 
oven are charactedsUc of zoatore peneplaicj where the proe&ssee of 
leeeoisi ha?e almost reached tbeir nlrtgiftte limit. Tbeee rivers ate iben said 
to have reached their bos* Zrvet sf tresion. 
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slow-moving rivers, appears to indicate exuberant forest growth 
and a warm climate, alternating with monsoons and dust-storms, 
rather similar to present-day conditions. For these reasons, the 
Pipjaur stage is regarded as an Interpluvial period, equivalent 
to the First Interglacial. 

This was foUosved by further upUft whidi again brought about 
glaciation in the Himalayas. As a result, erosion occurred on 
a considerable scale in the mountain regions and the rnaterial 
was deposited in the lower regions as Boulder beds. The size and 
extent of the boulders indicate that the Himalayan rivers were 
then probably much more powerful than they are today. These 
(Pluvial) Boulder-beds constitute the Boulder Conglomerate 
stage and are of Second Glacial age, because they connect up 
with the moraines of this period io the Himalayas. The 

( Second Glacial period is important becaussy for the first time, the 
Himalayan glaciers appear to have reached the plains, and 
\glaciatioQ was at its zenith. 

The Boulder Conglomerate Is no less important because it 
contains the earliest evidence of man in the Indian continent in 
the form of crude stone implements, grouped by de Terra under the 
‘Pre-Soban’ induslxy (Fig. 39). 

The terrace record of this region begins with Che Second 
Interpluvial period. Of the five terraces, Che Second and 
Fourth have proved to be of glaoiHuvial origin, while the 
First and Third are Interpluvial or Interglacial. Now. if these 
terraces correspond to Chose of Europe and fUshmir, which Che 
close similarity of the sequence stron^y suggests, then the Second 
and Fourth Terraces conespood to the Second and Fourth 
^adations, while Terraces 1 and 3 are identical with the Second 
and Third Interglacials respectively, Terrace 5 bdng Post-glacial, 
as elsewhere. 

• In Terrace 1 are found early Palaeolithic hand-axes of the 
AbbeviJIio-Acheullan type as well as choppers and chopping 
tools which typify the distinctive Sohan Industry. More evolved 
types of implements of this industry are found in Terrace 2 
and Terrace 4. 

The sequence in the Potwax re^on is summarised in Fig. 39. 
For comparison with its equivalents in Kashmir reference may 
be made to Pig. 34. 
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BURMA 

The Irrawaddy Valley 

A Pleistocene sequence paraUei to that of KasKmir and the 
Potwar region obtains in Upper Burma. As in the Potwar area» 
the climatic phases can be described as Pluvial and Inierpluvial 
(Fig. d2), 

Commencing with the Pliocene, we have beds known as the 
Lower Irrawaddian containing the extinct Pliocene horse Hifh 
parlon and other fossils characteristic of the Dhok Pathan stage 
of the Potwar region, Following the deposition of these beds, 
there was an uplift, after which the Upper Irrawaddian beds were 
deposited. The Pleistocene commences with the Upper Irrawad- 
dian which consists of river sands and silts and contains the typi* 
cal Lower Pleistocene (Villafranchian) fauna composed of Equus, 
ElephaSy Bos and other forms typical of the Upper Siwalil: of 



Pl^ 41. Section ibe Irrawaddy valley abowing ternces, gecloaical rormatios 

aad associated $toae iadustrlea. Not to scale. (After Movius). 

India, The presence of the horse Equus yunnanensis, which is not 
known in India but which occurs in the Pleistocene of China, 
is accepted as proof that, in the Lower Pleistocene, Upper Burma 
was connected with South China. The Upper Irrawaddkn 
covers, though somewhat doubtfully, the First Pluvial tmd First 
pite4;pluvial phases. 

. At the close of the Lower Pleistocene there was another period 
o£ uplift following which the Lateritic Gravels were d^osited. 
This period corresponds to the Second Pluvial and is of prime 
importance. It was characterised by more severe monsoonal 


TK4l(pMr IrrJwtddUn S.dl .r, pr.MbiV • 
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coDditions than even at the present day. According Co Movius, 
the Irrawaddy was then a much bigger rivtc than it is today. 
A fairly prolific fauna of elephants, rhinoceros, bisons, etc., then 
flourished, * 

Following this, the Plmtocene history of the region is deter- 
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coined from a study of the terraces, of wbicb there are five as 
in other areas (Fig. 41). Of these, Terraces I and 3 correspond 
to the Second and Third Interpluvials and Terraces 2 and 4 to the 
Third and Fourth PIuvials, respectively. Terrace 5 is Posi- 
Pldstocene and of Neolithic age, as elsewhere. 


CLIMATE 

PRESENT-DAY CLIMATE 

FOURTH PLUVIAL 


ARCHAEOIX^GY i 


NEOLITHIC 


LATE 

: ANYATHIAN 


POST-GLACIAL 


FOURTH GLACIAL 


THIRD INTBRPLUVIAL CULTURE j intBROLACIAL 


THIRD PLUVIAL 
RainlUl 2 or 3 times that ol 
the pnseni time. 


I EARLY 

SECOND INTBRPLUVtA L 

Long dry period ! ANYATHIAN 


SECOND PLUVIAL 
Rain^l heevier than at 
present. 


CHOPPING- 

TOOL 

CULTURE 


THIRD OLAQAL 


SECOND INTERGLACIAL 


sec6nd ciahal 


.. 

FIRST INTERFLUVIAL ? ' 

FIRST INTERGLACIAL 

FIRST PLUVIAL ? i 

1 • 

FIRST GLACIAL 


Burma, and HuoftlAyan e^uivalaiua (Aftee Movius). 
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CEYLON 

The PIdstoceDc of Ceylon and its records c 
have not yet been investigated in great detail, 
dingly, been thou^t desirable to deal with 
as is available when considering the Slone 
island (p. 166). 


f river terraces 
It has, accor- 
such evidence 
Age of this 
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CHAPTER Vil 


THE STONE AGE AND LATER CULTURES OF 
EUROPE, INDIA, PAKISTAN AND BURMA 


WHILE geologists have subdivided the Pleistocene into successive 
periods upon the basis of climatic fluctuations and vertebrate 
fossils, archaeologists have introduced cultural subdivisions, 
founded upon the typology or shape of stone implements 
manufactured by successive races of fossil men, as follows :— 


i RECENT 


* Atomic 
Iron 
Bronze 
Copper 


/ NEOLITHIC 
T (NEW Stone agp) 


Various subdivisions 
of the Neolithic 


r MESOLITHIC 
I (middle stone age) 


r 

1 


Transition period 
characterise by 
Tuicrolitbs 



PALAEOUTHIC 
(old stone aoe) 


Upper 

f P^aeolithic 


Low 

Palaeolithic 1 


Magdalenian ^ 
Solutrian ' 




Aurigaaciau «, , 


Mousteriaa and '9"rl - 

UvaUoisiiii ^-.V'• 


Acbeulian and 
Oactonian 


Abbevillian or Cbdiian 


I, Pre-Cbellian 


1. The remi Abhevniun has now repJacee the Chelllaa. 
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The major archaeological periods arc further subdivided 
aa shown in the right hand column of the Table on page 125. 
These smaller divisions are likewise based upon the typology of 
the hnplements. The Stone Age cultures lead gradually into 
the Metal Ages in a definite sequence* but it is not within 
OUT purview to deal with the latter in detail here. While these 
cultures appeared in the same order the world over, their 
relative antiquities and durations vary. 

Some of these periods lasted many thousand years as may be 
seen from the following estimates which give, according to 
Zeuner, their durations in Europe before present times, i.e. 
counting backward from a.d. ISOO. 


Industry 

Appranmue earlreai 
tnd Utast d&tas 

Duration in years 

Craj mdustrks 

7—540,000 


Abbevillian 

540—4S(yX)0 

60,000 

Achaulian 

450-130,000 


Qactenian 

540—240,000 

300,000 

Levaltosian 

250-70, 000 

1%Q/M 

Moosteriar 

140^70, ODO 

7CM300 

Aujigoadan 

c. 100—50, OOO 

SQfiOO 

Solutnan 


Short 

MM^aleciao 

50-20X100 B.P. 

30,000 

MM&lithie 

20—^.7,000 

13X100 


It is to be expected that the culture of the early 
bumas races—their ability to make stone implements, their 
sculpture and art, their psychology and customs—underwent 
noteworthy changes. On the whole, the cruder and rough hewn 
implements are found more in earlier than in successively 
later stages. This is but natural, for development in this direc' 
tiookept pace with the progressive advancement or evolution 
of the human mind. However, advanced Stone Age cultures 
often overlapped the primitive, just as happens even today where 
primitive races that have scarcely overstepped the Stone Age, 
co*exist with people who pride themselves as belonging to the 
Atomic Age. It must be further emphasized that the durations of 
these periods were not uniform the world over. For example, the 
Metal, Ages began in India much earlier than in Europe and we 
emerg^from OUT crude Palaeolithic cnltures much earlier than, 
did the European Palaeolithic people. On the oth^ hand, the 
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Megalithic culture of Europe preceded that of India by about 
two thousand years (see p. 152). 

Cultural advancement continued in other directions also, 
for man who in the beginning could only procure food from 
nature learnt in due course to produce it by agriculture. This 
industry may have been learnt by man between 8,000 and 10,000 
years ago, while the use of metals followed later, at least 5,000 
years ago, if not in Europe, at least in other parts of the 
world. How long'man tooV to achieve this may be appredated 
by comparing the date when man first began to use metals with 
the probable total period of his existence on the earth— 
about a million years, at a liberal estimate. 

An important fact which emerges from a study of the distribu¬ 
tion of these implementiferous localities whether in Europe, India, 
Pakistan, Burma or Ceylon is that by far the largest number 
occur along river valleys or lakes, which naturally provided good 
hunting grounds, a plentiful supply of water and often material 
suitable for the manufacture of implements. The only other con¬ 
siderations that wdghed with primitive man in seiectiog sites for 
habitation were protection against weather and security. Observe 
how many prehistoric sites were located in caves or other 
inaccessible places. Neolithic man in Cfeylon, for example, even 
had raised ‘look-out' rocks on the platforms projecting in front 
of the caves whence an approaching enemy could be detected 
and dealt with. 

THE STONE AGE OP EUROPE 

As in the case of the problem of glaciation, the archaeolo^cal 
subdivisions of the Stone Age wete founded and first studied 
in detail in Europe. We shall accordingly review these briefly 
in order to facilitate such correlations and comparisons as are 
possible with other parts of the world. 

Stone implements are first met with in the Pre-Chdlian. As i 
might be expected, these implements are of uncouth design, even | 
though ^ey bear uomistalmble marks of .•workmansh^. From 
such in^lements as these were dev^ped the hand-axes or coi^s- 
de-poing of the Abbeville or Chdlian period, and are (^larao- 
tensticof zh They vary a great deal in shape while preserving/ 
catain common features. 
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Tbc Acheullari marks a further improvement io the hand-axe, 
which was now thin, of oval shape and carefully retouched along 
the edges. Another type of rather specialised implement found 
in the Acheulian is the Levallois type of flake, which is typically 
rather thin and broad and retouched by neat flaking. 

Throughout the Pre-Chellian and Abbe^llian times, the climate 
in Europe remained warm, changing only slightly at ihe com¬ 
mencement of Acheulian times. Man could, therefore, Uve in 
comfort in the open, either on or near the river terraces. With 
the advent of the Mousterian period cold began to set in and/or 
(he first time man sought the caves for shelter. 

Mousterian implements are, somewhat unexpectedly, not so 
flnely developed as some of the earlier ones, and smaller 
rath^ than larger forms arc characteristic of the period. The 
AbbeviUio-Acheulian harid-axes have become less important while 
scrapers and borers etc,, have taken their place. A noteworthy 
feature of the small Mousterian flints is that they are worked 
on one side only. It is difficult to say whether a wooden handle 
was employed in the use of any of the Mousterian implements, 
but it would not be at all surprising if this was the case. 

Human vanity dates back to very aneieot times and we have 
definite evidence that the Mousterians, probably both men and 
women, were accustomed to adorn themselves with shells and 
other natural objects. Indeed in Europe the Mousterian period 
appears to mark the first use of ornaments. The early Mousterians 
followed the practice of burying their dead. While some of the 
dead were buried in the sleeping posture, others appear to have 
been ti^tly bundled up, being tied with stems of creepers or 
lianes { Fig, 115 ). Some of the implements then in use were 
buried along with the dead.' There is reason to believe that the 
Mbusterians practised magic and some may have been cannibals, 
but one cannot be too certain on these points. The early 
Palaeolithic races appear generally to have led a wandering life. 

The close of the Mousterian period marks the end of the 
early Palaeolithic. Let us then follow the fortunes of the suc¬ 
cessors of ^ Mousterians—the men of the late Palaeolithic Age. 

There is unmistakable evidence that progress in the gradual 
K^nemeoX of the stone implements was maintained, for in the 
Aurignacian we find smaller implements which are narrow, poin¬ 
ted and finely worked- This is, however, not to say that the 
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cQups^point disappeared completely. These are found intermit¬ 
tently in almost all the later stages. Here also appeared/ for ihe 
firs! /m)e aufhenric ivorked bone implements along with the flints, 
Many of the flint and bone implements were no doubt fitted with 
handles, the exact nature of which is not known, though it is 
proved that they were made of wood. In Aurignacian times 
wre also developed fine implements shaped iike arrow-heads 
known as Shouldgr points. The Aurignacian implements were 
beautifully retouched along the edges- 

In the succeeding stage, the Solutrian, the implements attain 
their highest development, being retouched aJj over. In the 
earlier part of this period, however, some of the implements 
e.g. the Soluirian leaf points, were retouched only on one side, 
the other side being untouched and flat. Of particular interest 
are the Laurel leaf points which were worked on both sides * 

The latest phase of the PalaeoUthic, the Magdalenian, is 
characterised by implements made mostly of bone and boro 
These are variously ornamented and may be described as jave¬ 
lins, harpoons, etc. At the same fiioe. a great many of the beauti- 
ftjlly shaped smaller implements known as microliihs also began 
to appear. 

The Magdal^ans were fine artists and certainly far expelled 
the artistic abilities of the modem primitive tribes. There is 
much force and dynamic expression in their figures of hunters 
and the hunted. Tljey frequently used ornaments made of ivory, 
shell, bone and even mineral crystals. Drawings 4q>icting dance 
scenes are known and it is not improbable that the dances were 
accompanied by rhythmic sounds. One of the best example of 
this, is the drawings in the caves at C ogu) in Sp^in Similar 
paintings (though not of like antiquity) have been found in India 
^ will be refwed to presently. It is, however, not likdy 
that the drawings and paintings in- the caves were meant for 
decoration. They were probably of a ceremooiai nature, for 
invariably these occur in remote parts of the caves where, 
naturally, they cannot be easily seen. The Magdaleniaos were 
af&o good senators. It is inte’estiog to note that in the laie 
Palaeolithic are found, for the first time, engrovbxgs and rnodels 
of animals in relief — 

Both in the Aurignacian and Magdalenian times ^ also in tiie 
early PaaaeoUthic) the dead were often buried in a flexed- 
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posture suggesting that the bodies were tiglilly bundled up. This 
mode of burial is practised even today among the primitive 
races of Australia, Southern Africa and America. Among these 
people the belief is that the dead are thus literally bundled off, 
body and soul, nevtt* more to return to worry their survivors. 

Before the late Palaeolithic was succeeded by the Neolithic, 
a stage known as the Mesolithic or Middle Stone Age intervened. 
During the Mesolithic, small geometric flints or microliths 
predominated {Greek, micros — small; Ufhos— stone, i.c. small 
stone implements). There was also an abundance of painted 
pebbles. Some of the paintings bear close resemblance to the 
hieroglyphs of Egypt, but no definite relationship is implied. These 
are distributed in parts of Africa, Spain and France. The African 
Microlithic (Mesolithic) industry is known by the name of Capstan 
and extends over Europe and parts of Asia including the Indian 
continent. The, Mesolithic industries of these regions, therefore, 
belong to the same cultuie complex. 

Finally we evrae to the Neolithic or New Stone Age when, 
for thp first time, we find the people possessing a knowledge 
of agriculture; when cattle and horses were domesticated and 
when men knew the use of pottery and the art of polishing stone 
implements. The typical artefact of this period is the polished 
stone axe. Europe received its Neolithic ar^ via Africa. Where 
exactly agriculture was first practised is not definitely known, 
but it may have been in Egypt or India. Wljile men of the late 
Palaeolithic and Neolithic ages were good artists they do not 
sdem to have bad any dear idea about composition, and figures 
are frequently seen to be drawn haphazardly. Among the colours 
with which they were familiar are various shades of red and 
yellow (both presumably derived ftom odires), white, which is 
rare, and violet and grey. It is not nnlikely that proper brushes 
were used for making some of thepaintiogs. 

Tbe Neolithic merges into the Copper Age, follow^ in 
succession by the Bronze, Iron, and lastly by the most formi¬ 
dable, the Atomic Age. 

THE PALAflOLITHlC AGE IS INDIA, PATICTAN, 

AND aUEMA 

The foregoing summary of the Stone Age industries of Europe 
was given in order to enable us to understand more dearly the 
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corresponding industries of the Indian continent, Burma and 
Ceylon*, with which we shall now deal Their distribution is 
shown in the large map at the end of this volume. 

The credit for discovering the first stone implement ou this 
continent goes to the Geological Survey of India. The first 
palaeolith picked up at PaKavaram near Madras by Bruce Foote 
(1863) has b een fc I lowed by a host of new fi nd s i n the I nd ian S tates 
oftBe Punjab, Uttar Pradesh. Vindhya Pradesh, Madhya Bharat, 
Bihar, Orissa, Bombay, Madras and other parts of peninsular 
India. The Palaeolithic industries of Southern India are grouped 
under the term Madrasian. 

In Pakistan various stone industries are represented in the 
West Punjab, Sind and Baluchisun. those of the Palaeolithic of 
the north-western region being known as the ‘Sohan* or 
‘Pre-Sohan’, according to age. 

Similarly, the Burmese finds are referred to a special culture 
known aslhe Anyathian. Tools of ibis culture occur extensively 
along the Irra^ddy valley in Upper Burma, as for example, 
near the oil-field to'wn of Yenangyaung, at Kyauk, Nyaungu 
near Pagan and sparingly io the Mandalay area, e.g. Pakokku 
and Minbu. Strangely enough, in spice of two American expedi- 
tions, and the author's own explorations between 1929 and 
1935> no stone implements have so far been found in the 
hinterland of the Northern or Southern Shan States of 
Burma. Here probably lies a virgin field of discovery, for 
the searches already carried out may not have been exhaustive 
enough. 

In Ceylon, both the Palaeolithic (Ratnapura) and Neolithic 
(Balangoda) industries are fairly extensively distributed, parti¬ 
cularly in the south (Sabaragarauva province), while a number of 
sites have also yielded miaolilhs. It is important Co record that 
some Palaeolithic implements from the lower Ratnapura levels 
resemble those of the Sohan, rather than the Madrasian, types. 

In all the four regions referred to above, artefacts occur wWch 
date back almost to the earliest Palaeolithic. Thus, bandies 
of early Palaeolithic times are recorded from parts of W^as 
Bombay, Madhya Bharat, Uttar Pradesh etc., in India^m the 
Potwar region of Pakistan, from the Irrawaddy in Upper 
Burma (hind-adzes) and from Ratnapura, Souih^n Ceylon. 

* The Slcae of Ceylos will be dealt with in detail ipdw next chapter. 

/ 

/ 
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It is important to note that the Palaeolithic stone cultures 
found in the Pot war area of Pakistan and in Burma are different 
from the standard Indo-European types. It is for this reason that 
they have received the distinctive names, the ‘Sohan’ in Pakistan 
and the ‘Anyathian’ in Burma. The Anyaihian artefacts of 
Burma resemble those of China, so that in the Lower Palaeolithic 
period and even later, the Burmese culture complex resembled the 
Eastern(Chinese) rather than Western (Indo-fiuropean)type. This 
was probably because direct connection between India and 
Burma came to an end after the Lower Pleistocene and is 
supported by the fact that the later, Middle Pleistocene, 
faunas are different in the two regions. 

Taking the Palaeolithic as a whole, a complete picture of the 
period in the Indian continent, Burma or Ceylon cannot yet 
be given, and, what is more unfortunate, have no knowledge 
of the fften who shaped these artefacts, for no authentic fossil 
remains of theirs have yet been found. We shall thus have to 
content ourselves with an account of the implements left by 
them and to draw such conclusions as are possible. 


v: 


INDIA 


The Madras Hand^Axe Industry 


In the chapter on the Great Ice Age reference has.already 
been made to several occurrences of Palaeolithic artefacts in 
India. We shall here deal in detail only with the more important 
of these finds, 

Of prime interest and importance is the Madras region. In 
some Localities as, for example, Vadamadurai and Attirampak- 
kam in tbe vall^ of the Kortalayar river, implements are so 
common that they can be picked up literally in cartloads. At 
Vadamadurai, three ^parate groups of implements belonging 
to successive ages can be distinguished. These are derived from 
tb^ Boulder Conglomerate, Lalwite, and Terraces 1-3, respec- 
tiveV< “1 asc«idmg chronological order (see Fig. 38). 

Th^arliest group contains two types. Firstly, ih^ are the 
CHKle h^T^d^es of Abbevillian type without much trace Of 
retouching, \and the irregnlarly shaped cores. These are the 
oldest known\ctefocts of the Madras Industry. They are distin¬ 
guished by aX^eavy patina or external weathered surface. 




Fig. 43. Paiaeolitbs of (he Madrasian Industry from AtUnunpakkaoi. 

a, ekaivcc vifh paraUelogrvniDle cross^cction (Poeil or V»al technique of 
South A/riea); b. disc oith Acbeuliao technique; e, Madmian han,<l>4xe ^ 
Acheuiiao type; al scraper based oo a flake; note faceted sthkiQg platrom and 
marsiji thflvped by secondary flakirg <Levallois technique). (After X^hnarwanai) 

iBOre r^ular in sliflpe» and the first evidence of step flaking. 
The cofes, too, better formed. 









134 


MAN IN EVOLUTION 


The middle group contains hand-axes of middle Acheulian 
type. They are more advanced than the early Acheulian types 
referred to above, for they are flatter and show better-defined 
step flaking. 

The upper group Includes less-patinated hand-axes of upper 
Acheulian type, disdoidal cores and cleavers. There is evidence 
10 prove that at this stage the wood technique was introduced for 
the first time in the preparation of cores. This means that 
whereas hitherto Palaeolithic man employed a stone hammer 
for flaking, he now also used a wooden mallet, which naturally 
produced finer work because strokes could be better controlled. 

At Attirampakkam arc found late Acheulian implements. 
They are of interest as they show the Vaal or Pneii technique 
of South Africa {Fig. 43<7). Such hand-axes are oval in outline, 
sharp-edged and with a single scar on the lower surface. The 
upper surface is regularly flaked. Various implements from this 
locality arc shown in Fig. 43, 


PAKISTAN 

Palaeolithic Industries of the Sohan and Indus Valleys 

/ Western Pakistan was the seat of the distinctive Palaeo¬ 
lithic industry known as the ‘Sohan^ after the river of that 
name. These artefacts occur in the valleys of the Sohan and 
the Indus rivers, in the latter case between their confluence 
and the ancient town of Attock. Typically they consist of 
pebble-tools, with which are assodated flake-tools. They were 
invariably shaped out of quartzite or trap pebbles, not flint, and 
arc classified as Pre-Sohan, Early Sohan and Late Sohan. 

The earliest known of these implements have been referred 
to the Pre-Sohan Industry by de Terra. T?Jcy consist of massive, 
crudely shaped, much-worn flakes, based on pebbles (Fig. 44). 
They belong to the Second Gladal Period and were conlean- 
poraneous with the formation of the Boulder (!k»nglomerate 
(Figs. 39 & 40). Implements of Pre-Sohan type have also been 
found as far east as lammu (Kashmir). 

Following the Pre-Sohan of the Second Glacial af« the early 
Sohan * choppers and AbbevilJio-Acheulian hand-axes of the 
Second Interglacial period. They are found in the deposits of 
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Terrace 1. Their Second Interglacial age is suggested by their 
niuch-worn condition. They were manufactured during the 
Second Intei^lacial and subsequently became deposited in the 
gravels overlying Terrace 1. 



Fig. 44. Prfr-Sehan auarriite iiTiplunenc from the W«st Pui^b, Pakistan. Two 
aspects of a musive. crudely worked and rolled flake from ine Boulder Conglo* 
merait at KalJar. This is one of the earlitet implemenla found in the Indian 
coniinent and, therefore, represents the tint record of man's existence on the 
continent. (After de Terra and Paterson). 

Three di^erent categories have been recognised among the 
early Sohan artefacts, depending upon tbe extent of patination 
and rolling suffered by them. But it has not been possible to 
assign them to distinct stratigiaphical horizons even though 
they show progressive advance from comparatively crude to 
more refined types. 

The early Sohan tools were shaped out of flat, oval or rounded 
quartzite pebbles (Fig. 45). They were mostly used as choppers or 
scrapers and were obviously ‘hand^implements’, that is, not meant 
for hafting. These tools have been described as flat-based or 
rounded pebble-tools and had their cutting edge on one side 
,OD]y. Some pebbles were, however, flaked on both sides and 
represent the most advanced types. In addition, this industry is 
characterised by flakes and cores. On the whole, these types 
resemble implements of tbe early Clacton Industry of Europe 
(see p. 125), which is cbaracterised by flake implements obt&in^ 
by striking a stone or core against a fixed stone anvil. Their 
characteristic feature is that their striking platforms do not show 
signs of preparation. 

Following tbe early Soban comes the late Sohan Industry 
with a wider distribution than the former. The tools, still based 
on pebbles, now show comparatively fine workmanship (F^. 46). 
Two phases of this industry have been recognised. The 
carliw, Phase A, consists of small, finely-worked pebble-tools, 
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together with flakes and cores. Some flake-tools exhibit the 
Levallois technique (Fig. 466). They belong to the Third Glacial 
period and occur in the Basal gravels of Terrace 2. In 


Fij. 45. Early Sohac (L«wer Palu^Utbtc) cboppars, eheoDiqg tools, takes ud 
cores, the West Fuejeb, Pakistan. 

tf-e, more or less flat-Nsed pebble foob, a. wth a somnvhii convex and 
steep euiuoa edae; ^ with a sersuabt cuRinsedae; c, with a pointed cuidog 
ed|e; d, rounded pebUe tool. Ail ihsee hadcoe cvuinBcdse only. (Rounded 
pebble tools were made by leiDovie; flakes from aa eotire pebble, not from 
a prepend flat surface); «, flake abowing primafy flaklog only, reoiioisceot 
of tbe 'Qaaon* industry; /, a more or less diseoidal core Trom which flakre 
were detached ail round. (After de Tsera and Patreson) 


Pha^e B, though pebble- aod core>toois are present, flakes and 
blades predominate. The latter resemble the late Levalloisiau 
types of Europe. 

The Potwar region of Pakistan is of particular interest in that 
two different industries, the Sohao (diaracierised by choppers and 
chopping tools) and the Abbeviliio-Acheulian (characterised by 
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hand-axes of the Madras type), flourished side by side. In later 
stages there was an overlap of the two industries for we find 


Fia. 44x Late Sohan (Lewer Palaeolithic) implemenu from the Weet Punjab, 
Pakistan. 

a, elongafed, paralld^ided Hakc^ true blade; a flake implecneot 
with a dislincily LevaUois type of flaking; boUi of late 5ohan*A stage. 
(Simpler flakee showing *Qacion‘ technique are also found along with Level- 
loUian types); c, and ^ implements from Sohan*B stage. (Af^er de Tern & 
Patenoo) 


Fig. 47. Abbevillio-Acbeulian (Lower Palaeolithic) implemeots from Chaunsra, 
West Punjab, PakisUr. 

a, cordate, ocwom band*ast: ^ another baod^txa; c, naoe. (Aftat de 
Tam and Paterse^ 

both SohaQ and Acheulian tools occuning together at the well- 
known locality of Chauntra. From this locality, Abbevillian, 
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middle Acheulian and late AcheuUan forms have been rccorded. 
Thls admixture, however, did not take place till the Third 
Interglacial, It is equally noteworthy that hand-axes have been 
found only in the Sohan, not in the Indus valley. Figure 47 illus¬ 
trates two unworn specimens of late Acheulian age from 
Cbauntra. These belong to the youngest of the above series- 
Anothcr characteristic form is a blade found associated with 
these specimens, while cores and flakes also occur. 

In Pakistan too, as in other parts of the Indian continent, not 
a single Palaeolithic fossil human bone has been discovered and 
we are completely in the dark as to the men who shaped these 
tools, Nor have we any idea as to the manner in which the authors 
of these two divergent industries differed from each other, 

Before we leave this subject, attention may be drawn to other 
meeting grounds of the Sohan (pebble-tool) and Madras (hand- 
axe) industries. These are the basin of the Riband in Uttar Pradesh, 
Mayurbhanj in Orissa, the Sabarmati valley in Gujarat, Bombay; 
and even the far southern region of Madras. It is apparent that 
although the centre of origin of the Sohan industry lay in the 
north-west of the continent, it was far flung in its distribution, 
though naturally of lesser importance in the outlying regions. 

BURMA 

Thi'Anyaikian Culture 

The Palaeolithic culture of Upper Burma has been named the 
Anyaibian by Movius (Burmese, Sn-ya-ihS ^ an Upper Burman). 
An important point to note is that the hand-wce, which is so 
characuristic of th£ Madras Industry^ is completely absent from 
the Anyathian culture. Its place is taken by the hand-adzes to 
which further reference will be made presently. The lower division 
of the Anyathian covers Che Lower and Middle Palaeolithic 
while the late Anyathian spans the Upper Palaeolithic. Reference 
has already been made to the localities where these industries 
have been found. These occur d^iefly along the left bank of 
the Irrawaddy (see Figs. 49 & 50). 

Palaeolithic man in Burma used two kinds of pebbles for 
making his implements, namely, fossil wood and sibcified tuff. 
As the name indicates, fossil wood Is nothing but tree stems 
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replaced by silica {as a rule), while tuff is a rock consisting mainly 
of volcanic ash. Rare instances of the use of quartzite pebbles 
for this purpose are, however, known. Three different types of 




Pig. ^rly Anyathian (Lower Palacolilbic) ioiplemwits from Bufma, made of 

ends; 6. iw« side «rap«\ff, 

of a triancuUic ecraper showing aiiempis ai secoodary woricing « pK^ 
XdU 3gi : (o.., made of Fossil wood); d. side cottar 

ctoopoef; e, chopperwiUi an a)wmaid> ftaJted a W f 
AnyithiiS; /, core o^uced Oy wno'J of 
a pebbl^ (rf-^made of sUfcfted luff). BUdee, pointt and pwforaiora a» 
gecerally aomt ia the early Aoyaiftiaa. (Alter Mowus) 

Stone implements occur in the early Anyathian, namely, h^d- 
adze«, choppers and chopping tools {1^. 48). The adzes, whi^ 
were more or less rectangular, were most cbara^nstic or tne 
industry. They were based on cores and rAeir cutting or chopping 
6dgcs we;e at rig}u angles to the major axes of the implements. 




^g. 49. lUustntmg PaljeoJkbic (Abyathian) aud Keolittu^ silea. 
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They were worked only on one side. In this respect they dilTered 
from the hand-axes which were worked on both sides and arc, 
therefore, known as bifacial. 

The chopper was an implwnent of comparatively large size with 
a straight cutting edge and was worked only on the upper surface. 
The chopping tools consisted of cores derived from pebbles by 
flaking. 


PRlNaPAL PALABOLITHIC AND NEOLITHIC SITES OF BURMA 
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Pss. 50. PonioD of Fig. 49 enlarged, sbowiog arcbaeologicaj sites. 

These were the characteristic tools of the early Anyalhian. 
They range through the Secoad Pluvial, Second InterpltwIaJ 
and Third Pluvial periods. The late Anyathian ^plcqieaits 
(which are not figured bereVwere similar lo those from the early 
Anyathian and were developed directly from the latter but were 
better formed. The distribution of the Palaeolithic industries in 
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Burma is shown in the accompanying map (Fig. 49). Figure 50 
shows these locaJicies on a larger scale map. 


THE MESOLtTHIC OR MIDDLE STONE AGE 

In some ways the Mesolithic or Middle Stone Age of India 
and Pakistan is even less known than the Palaeolithic, while 
iittle light has been thrown upon this period in Burma. One 
difficulty is that microliths are sometimes also found in the 
late Palaeolithic and even in the Neolithic period, so that in 
the absence of other evidence one cannot always ^ certain as to 
their exact horizon. Indeed, there is little doubt that the manu¬ 
facture and use of microliths has persisted into present times, 
for some of the modem aboriginal races make these out of splin¬ 
tered glus derived from beer bottles left by their more ‘civilised* 
contemporaries ! 

While Palaeolithic implements were usually made of flint, 
C|uart 2 ite or basalt, mkroiiths were shaped from less common 
siliceous materials such as agate, camelian, jasper, quartz or 
other forms of silica. They were shaped into points, crescents, 
triangles, blades, and also include small cores and beads. Another 
difference between Palaeolithic tools and microliths ia that the 
former were, as a rule, used singly, whelber hafted or unhafted, 
whereas the microliths linear to have been mounted on a handle 
in series to form a cutting edge. It is, however, known that some 
of the miaolitbs were mounted singly on a handle for specific 
purposes. 

Microliths are distributed widely in India and Pakistan and 
also occur in Ceylon (see large map at end of volume). In India 
they have been found m Kashmir (Pampur and Sambur), Bihar 
(Seraikela), Tmnevelly district (Sawyerpuram), Gujarat (Hirpura, 
Lao^naj, Valasna), Bombay (Kandivli), Madhya Pradesh 
(Singhaopur, Hoshanpbad, Pachmari,), the Narbada valley and 
several other places. More recently Sahni (M.R.) and Ahmad 
found a proliik locality near Kota in the Mirzapur district of 
Uttar Pradesh, which has yidded various types of microliths 
and some beads.. ' . 

In Pakistan, microliths occur in ttte Peshawar diatricS (Jamal- 
garhi^ Karachi district (near Karachi) and in Shahpur district. 
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As already pointed out, the Mosolithic industry of the Indo* 
Pakistan region closely resembles that of the Mediterranean 
region which is known as the Capsian industry. It is even poS' 
sible that the microlithic industries of the Mediterranean and 
Indo-Pakistan regions were the products of people belonging to 
one and the same racial type, for recent work in Gujarat has 
shown that the fossil man discovered there by Sankalia and 
Iravad Karve possessed Hamitic or Negroid affinities. It appears, 
therefore, that there was an influx of north*east Africans or 
Proto-Egyptians into India during the Mesolithic times. 

Nothing is known of the Mesolithic period in Burma. 

Implements resembling the Indian Mesolithio types occur 
in the Balangoda Culture phase of Ceylon and will be dealt with 
In the chapter on the prehistory of this island. 


INDIA 


Gujarat, Mysore and Bellary 

Although there are numerous sites in India where Mesolithic 
industries flourished, we shall briefly refer to only a few 
of these occurrences. These are the Sabarmati valley in Gujarat, 
Brahmagiri in Mysore and Sanganakallu in Bellary. The 


a, narrow curved bUd«; 6, point; e. Mfo or cobra^hooded borer; 4, loni 
perfo^d bMd; all fcom UnsW. (After Sankalia and Karve). 

Sabarmati valley is important because it has yielded oot 
only valuable microlithic material at Langhnaj, (Figs. 
Hirpura, Valasna and Akhaj biit because fossil remains of man 
(Fig. 63), including complete skeletons, were unearthed at 
Langhnaj. These skeletons appear to represent deliberate burials 
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and are associated vnth microliths, bone toois and other objects, 
Their state of fos^lisation and comparisons with microlithic 
phases eisewhere suggest a higher antiquity than some are inclined 
to assign to them. According to Karveand Kurulkar^ "Palaeolithic 
man was separated from the MicroliChtc man by nearly 40 feet 
or more of loess and reddish silt", which might represent a large 
time interval. However, more work remains to be done before 
any precise opinion can be expressed, for the types of tools 
found do not suggest the true Mesolithic, but a younger age. 

The Brahmagiri site is of interest from another viewpoint for 
there was a contemporaneous development of both Micro! ithic 
and Neolithic cultures and, before the former disappeared, a 
Megalithic people knowing the use of iron came upon the scene, 

Numerous microinhs occur at Sanganakallu in Bellary and 
have been described by Subarao. 

PAKISTAN 

7ht Proto^HtoUthk 

The Proto-NeoUthk of Sind constitutes a special phase of 
the Mesolithic, distinct from the Microlithic as normally unde^ 
stood, In it probably lay the roots of (he Harappa and 
Mohenjodaro stone industries, forerunners perhaps of the Indus 
Valley civilisation. 

The distinctive tools of this phase were long, slender blades 
and cores, from which (latter) the blades were haked off. 
The cores beer a striking resemblaoce to the huted cores from 
the sur^ce deposits at Sanganakallu (see Pig. 530. Such 
unplements are found neei Sukhur and Rohii, It is worthy 
of note ibat similar types of cores and blades are found as far. 
south as Rakhur in Hyderabad State (see map at the end of this 
volume). This occurreoce, so remote from the Sukhur-Rohri^ 
Khairpur area without any iqtervenmg link, is indeed a puzzle 
to archaeologists. The Proto-Neolithic is also r^esented at 
Pampur and Sombur a few miles &om Srinagar, Kashmir, In 
addition to the known localities, the author discovered a fact^y 
site on the flat-topped hOls to the east of Khairpur in Siod. 
The Kirthar limestone forming these hills contains large flint 
nodules upon the industry was baaed. The preseoce of a 
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wide and extensive cave, open at both ends, and another shorter 
one. makes this locality most significant. The cave, situated in 
the cliff-face of the hill, occurs within a short distance of where 
the factory site was found. Unfortunately, the cave itself could 
not be explored at the time of the author's visit, but such evi¬ 
dence as exists suggests that it might have been inhabited by 
man in Neolithic or earlier times. Careful examination of this 
cave and the surrounding region is likely to yield important 
results and is strongly advised in view of the fact that so few 
caves in the Indian continent have been explored with any degree 
of thoroughness or have produced bone remains of man, 

Some authorities are of the view that these Proto-Neolithic 
industries are of fairly recent date. The presence of cores and 
blades at Mohenjodaro similar to those of Sukhur and the 
Khairpur areas lends credence to this view. 

THE NEOLITHIC OR NBW STONE AGE 

The passage of the Mesolithic or Proto-Neolithic cultures 
into the Neolithic has not yet been satisfactorily defined in India. 
Indeed, as will be apparent from the brief account of the various 
cultures given, these cultures often overlap and exact delimitation 
of cultural horizons is not always feasible. 

The distinctive character cf the Neolithic or New Stone Age 
is that iU type implement, the stone axe, usually made of 
basalt, was invariably polished. Neither Palaeolithic nor Mesoli¬ 
thic man knew \he art of polishing stone implements. The 
Neolithic implements may be variously described as celts or 
axes (in which the cutting edge is in line with the handle), 
adzes (with the cutting edge at right angles to the handle), 
hammer-stones, fabricators, picks, chisels, etc, 

INDtA 

Neolithic implements occur Widely in India as, for example, 
in Kashmir (Burzahom and Nunar), in Uttar Pradesh (Allahabad 
and Banda districts), Vindhya Pradesh (Panna district), Bibar 
(Patna, Ranchi and Singhbhum districts), Assam (Caro and 
Naga Hills), Hyderabad and Mysore States (Brahmagiii), and 
in many parts of Mndrns, particularly Bdlary. (See map at the 
end of the volume). 


10 
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Of the above occurrences those from Burzahom and Nuimr 
in Kashmir, Brahmagirl in Mysore, and Bellary in Madras are 
important and have been studied in greater detail than some 
others. Recent investigations at Brahmagiri by Krishna prove that 
in this region the Neolithic culture persisted right up to the early 
historic period, Chough elsewhere in India the Metal Age^- 
Copper, Bronze and Iron—had already appeared In succession, 

Excavations at Sanganakallu, Betlary, by Subarao have revealed 
an almost parallel development of Neolithic industries to those 
found at Brahmagiri, At Sanganakallu the youngest culture was of 
the Megalithic type. The Megalithic culture of this locality v/as 
preceded by a Neolithic phase yielding a great variety of stone 
axes at all stages of manufacture (Fig. 52). Lower still in the 
sequence were found heavily patinated flakes and other imple¬ 
ments together with microliths, which were also associated with 
the true Neolithic polished-axe industry. At one place, the 
polished stone axes occur so profusely and at so many different 
stages of manufacture that Subarao claims this to be a factory 
site. 

Some implements were attached to handles, presumably with 
fibre, or were fitted directly into them. One difference between 
these and the modern hammer is that, while in (he latter 
case the handle is fitted into the hammer-head, the Neolithic 
hammer-head (ake) was fitted into a hole of suitable size in 
the handle. Obviously even Neolithic man had not found 
means to drill a hole right through the axe to accommodate 
a handle, though this would, in any case, have been a source 
of weakness even in a weapon made of basalt or quartzite. 

In order to give some idea of the ingenuity of Neolithic man, 
we shall briefly describe some of his tools, how he made them, 
and how he used them. 

The polished axes were made in three or four stages 
(Figs. 52 k-n). Firstly, a trap boulder of suitable size was selected 
and was reduced to a roughly triangular shape by bold flaking. 
At this stage the axe possess^ a rough cutting edge and high 
ridges. These ridges were next removed, and at the same time 
the cutting edge was improved. The third step was to grind the 
axe, removing all irregularities. Lastly, the axe was polished. This 
was ingeniously done in parallel grooves carved out in hard 
rock, Such grooves, about eight inches in length and 




53. Neolithic implements from Bel!flry» Madras. 

tf.f, various types of axes. (Afict Subamo); d, chisel; s, wcfc;/: fabricator- 
hammer-stone. (After Thomson anO Browo); A and /, ahort-blade 
co^ from the NaiaJdinoe area and from ih© suffice debits at Sanaana- 
kallu, rcspecuvely (After Subarao). 
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approximately an inch and a half 'd«p,^arc found on North 
Hill within the confines of Bellaryjtown itself. The axe was 
pressed into the groove and moved to and fro, which gave 
it a high polish. 



^8. J4, Meihedi ef luffing use4 by Neolithic man, 

o, Aafting of ‘club-hMd’ type; b, 'bent-wiihy' type; used /or grooved axes : 
c, *sp«ar*lM«d' type ; ti. adze lied to handle with cutting edge at rl^t angles 
to the axis of the handle. (After Poote, Coghlan and De Morgan). 

The fabricator (Fig. 53/) was a small, crude tool and was 
used in the later stages for removing irregularities in the axe. 
Hammer-stones were rounded or oval pebbles with a constric¬ 
tion at one end for hafling (Fig. 53 g). They were used for 
striking blows in the process of manufacture of the tools. Adzes 
were axes with sharp cutting-edges and were probably used 
for chopping wood. Other tools are also illustrated in Fig. 53. 

The tools were hafted in various ways, some of which are 
shown in Fig, 54. 

PAKISTAN 

In Pakistan, Neolithic implements have been found at Shadipur 
in the Attock district of the North-West Frontier Province and 
at other localities. But our knowledge concerning these is yet 
imperfect and their exact horizons have not so far been precisdy 
de^d. 
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BURMA 

Slone implemenis were first discovered in Burma as long ago 
as 1894 by Noeiling who assigned to them an Upper Miocene 
to Lower Pliocene age because of their apparent association 
with certain datable vertebrate fossils. T^is find naturally 
evoked great interest because il implied the somewhat 
revolutionary view for the lime, that man with a high order of 



Fig, 55. Neelithk stone [mplefnents from Burma; 

(ypktl hand^adze made of fossil wood, and >. smaJt scraper, from 
Kyauk; e, double side-acraper and perforator, from Pagan; perforator, 
from Minbu; t, ptiisSed spmdle^borl made of metamorphosed slaty 
rock, and /, pdished celt, from Magwe (After Movius). 

intelligence existed during the Tertiary epoch- Further examina¬ 
tion, however, soon showed that these implements bad 
been disturbed from their place of origin, and that originally 
they occurred on the surface and were subsequently redeposited, 
becoming associated somehow with beds of late Tertiary age. 
Still later, these Burma implements were regarded as Palaeolithic 
and it was not till quite recently that their N^liChic age was 
established because of the find of polished stone axes and 
potsherds in the implement assemblages. 

Whilst the type locality of the Neolithic lies near milestone 
39.2, Kyaukpadauog-Popaywa road, implements of this age have 
been found near Magwe, Minbu, Yenangyaung, Kyauk, Pagan, 
Nyaungu, Pakokku and other localities (see Figs. 49 and 50). 
The implements found at many of these localities are made of 
silicified tuft orof fossil wood. Though of Neolithic age, these 
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implements are laiher like those from the Palaeolithic (late 
Anyathian) mainly because they are made of fossil wood which 
lends itself only to limited treatment, being workable only 
across the grain of the wood. Since they are more recent than the 
Anyathian iraplemenls, they are either fresh-looking or only 
lightly patinated. In addition to these, there are the polished 



Fig. 5& Neolithic stone implemenCs and a potsherd from near Kyaukpadaung, 
^ Burma; 

0 , larKB. crudely leaked pick; b, small erd-seraper made on a flake; c. 
small blade; Jand <. two ocher examples of end-ecrapers; /, a typea) mat* or 
cord-marked pouherd;typical example of small core; A, small ground and 
polished celt made CD slaty rock; i, roughly iriangulv shaped borer (After 
Movius). 


Stone implements of basalt and schist. The main different 
between the Palaeolithic (Anyathian) implements and those 
of the Neolithic is that the Palaeolithic tools were generally 
of large size, because they were based on cores, while the 
Neolithic ones were small for they consisted mostly of flakes 
and blades. 

Near Kyaukpadaung, the following geological section is 
exposed, according to dc Terra, in descending order ;— 

' 1 TopsdU cooiaining artefacts 

2 Brown volcanic a|b 

3 Grey tuff ccmuiDlng beds of silicibcd ash 

4 Mudflow deposit 

5 Tilted Upper Irrawaddkn beds 
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The Neolithic implements occur in the topmost layer and 
also in the alluvium of the valley carved through the above 
sequence. They consist of crude scrapers of large size, 
choppers, picks and a single polished stone celt. These are 
associated with matt- or cord-marked potsherds- The presence 
of the polished stone celt establishes their age as Neolithic, 
Similarly, stone axes and potsherds have been found at 
Ma^e and elsewhere (Fig. 56). Indeed the association of 
polished celts and matt- or cord-marked pottery is widespread 
in the Neolithic of S-E. Asia, having been also found in 
Indo-Chtna and Malaya. 

It is important to record here that the Burmese type of polished 
stone axe (Fig. 57) is met with in Assam 
and as far west as Chota Nagpur. Similar 
celts are recorded in Southern India as 
far south as the basin of the Godavari. It 
seems obvious that this culture spread in 
this direction along the eastern coastal 
region of India, but the cultural wave was 
probably not persistent- This, nevertheless, 
indicates that connection had been estab¬ 
lished between the two regions during the Fig, 57 . Burmoeof 
Neolithic, although, as we have already cell 

seen, this was non-existent in early to!" "lAni:';*‘’'"S 
Palaeolithic times. Morgan). 

No stone implements or other handicraft of man has so far 
been discovert in the Shan States region of Upper Burma. 
However, remains of edible shells and what appear to be frag¬ 
ments of Neolithic pottery occur in certain caves as. for example, 
those near Mong Pawn. Yawnghwe and Tongta. This has been 
taken as evidence that man existed at least on the Southern Shan 
plateau during Neolithic times and he may have occupied the 
region even earlier, during the Mesolithic. But the complete 
absence of stone implements makes any positive assertion on 
this point Impossible. 

s 

THS PROTOHISTORIC PERIOD 

The Neolithic cultures merge almost insensibly into the Proto- 
Historic. By this time agriculture and domestication of animals 
had established themselves and man had acquired a commuDity 
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sense. He had thus begun to live in small villages and to build 
up family life on a more secure basis. Evidence of these acquisi¬ 
tions appears to exist in the north-wcslern part of Pakistan, 
where small settlements are known to occur. To this category 
belong the cultures ofShahi Tump and Kulli in Southern Balu¬ 
chistan, which probably dale back about 4,000 years. Gradually, 
as people'became more prosperous and began to attach impor¬ 
tance to ownership of property, they built large urban settlements 
and cities. To the latter part of this period belong the well-known 
ruined cities of Mohcnjodaro and Harappa, both in Pakistan, 
and others near Ropar in Ambala district and Rangpur in the 
Limbdi district of Saurashtra, India. They all belong to a culture 
known as the Indus Valley Civilisation, which extended as far 
west as Sumer in Mesopotamia. 

It is unnecessary in a work of this nature Co give details of 
individual discoveries at Mohcnjodaro, Harappa, etc. We shall, 
therefore, deal very briefly with the Indus Valley CivilUation 
and its people as a whole. This civilisation takes us back 4,500 
years and appears to have attained its zenith in the second 
half of the third millenium d.c. The use of stone implements 
such as long blades was still extant, 

In regard to this great cultural heritage, Wheeler significantly 
remarks that ‘'the Indus Valley civilisation was politically and 
socially In advance of the king-ridden or priest-ridden societies 
of the West, and had precociously reached a phase of compara¬ 
tively quiescent democracy, a bourgeois economy, devoid of 
what may be conveniently called citadel rule. The relative scarcity 
of military equipment supported this inference.** 

Several human skeletons have been found at Mohenjodaro. 
Normally the people of the Indus Valley Qvilisaiion practised 
burial. Racially they belonged to living dolicocephalic types. 
The author has geological evidence which strongly suggests 
that, beside Mohenjodaro, many cities on the Indus might have 
been devastated by floods. This evidence consists of the alluvium 
of the Indus left high* and dry on a hiUock known as Budh 
Takkar, much above the present river-bed. This alluvium could 
not but have been deposited by exceptional floods on Che Indus 
when the river rose high, submerging the surroun<^ng country 
for miles. Moreover, the floods must have lasted over a long 
period to enable alluvium several feet thick to be deposited on 
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Budh Takkar—and to cause a glorious cultural episode to come 
to a sudden end ! 

THE VBDIC AND EPIC AGES 

FoHowing the Proto-Historic period we enter what is in some 
respects the most important episode in the annals of Indian 
culture, the period of the Vedas and of the great epics, the Rama- 
yana and Mohabharata. And yet considering its importance to 
us we know but hnit about it. This period spans the interval 
betWMn the Mohenjodaro-Harappa culture and Alexander’s 
invasion of India in 324 b.c. From the archaeological stand¬ 
point, the period has been called the Dark Age though culturally 
it might well be termed the Golden Age of India, for during this 
era we had attained our zenith in so far as philosophy and litera¬ 
ture were concerned. Our knowledge concerning the science and 
fine arts of this period is, however, stiJI obscure. 

There appears to be evidence in certain of the burial sites 
at Harappa which suggests that these might belong to the earliest 
period of Aryan influx into this land. According to Lai, this 
period corresponds to the second quarter of the second millenium 
B.c. Co which might also belong the Jhukar and Jhangar cultures 
of Sind, which successively followed the Harappa culture” 
While no precise opinion can be expressed, it is surmised that 
the copper hoards consisting of swords, haipoons, cells, human 
tigurw etc., found in parts of India belong to this period. Here 
may be included the swords found at Fategarb, celu and 
^rpoon of Bithur (Kanpur district) celts and harpoon from 
Kajpur, a human figure and harpoon from Bisauli, all in Uttar 
Pradesh; the axes and bar-celts from Palamau and Ranchi in 
large'hoard of metal tools etc., from Gungeria in 
Madhya Pradesh. According to LaJ. these implements represent 
a penod prior to the introduction of iron and "though not 
proved, these implements were associated with a phase of the 
Aryan ex^osion from the Und of Seven Rivers (modern 
Punjab and environs) to the Gangctic Plains." 

MEQAUTHIC SITES 

We shall now deal with another culture-complex which is 
umque m many resp^tbe Mcgalithic, characterised by mega¬ 
liths. These, it may be explained, are monuments where rilu^’ 
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were held or which con slit u led burial sites. They were invariably 
built of large stones, whence the 
name. (Greek large, Uihos 

* stone). The monuments are vari¬ 
ously shaped. Those at Brahmagiri 
take the form of elaborate burial 
structures, others consist of four 
massive stone piliars capped by a 
large slab and are locally distin¬ 
guished as Topika}, that is, cap¬ 
shaped (Fig. 58). Still others have 
been named cisis, dolmens, cairns 
and barrows. 

Megaliths have been found at Burzahom and Nunar in 
Kashmir; at Khera near Fathepur Sikri, Dcodhoora in Almora 
district, Uttar Pradesh, as well as in the states of Bom¬ 
bay, Orissa, Rajasthan and Madhya Bharat. Though megaUlhs 
occur as far north as Leh in Ladakh, this culture 
appears to have held sway mainly in Southern India. Actual 
fossil remains of man have been found at one South Indian 
locality named Adltanailur, and will be described in due course 
along with sucb other human fossil remains as have been discover¬ 
ed in the Indian continent. It should, however, be mentioned that 
no actual megaliths occur at Aditanallur, and the referenw of 
the locality to this period is based upon its general cultural 
associations. The available evidence appears to suggest that the 
Mcgalithic culture flourished between the latter part 
first millenium b.c. and the end of the first century a.d. Inis 
evidence consists mainly of associated coins of the pre-Cbnstian 
era and of pottery characteristic of the first century a.d. It is 
remarkable that although the Indian megaliths bear a close 
resemblance to those of Europe, the lattep are chronolo^caUy 
much earlier and are assigned to the period between 2,500 b.c. 
and 1,500 b.c. The reason for the marked similarity between the 
Indian and European megaliths, separated by such a long time- 
interval, is not easy to explain. 

THE HISTORIC PERIOD 

The study of historic man is beyond the scope of this work. 
The pageant of human evolution, physical and cultural, that 



Pig. 58. A MeraUthbC monumeni 
or \h6 TopJkol tyM fojnd in 
Cochin Siaic. (Afler Lai) 
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“'’P'’ «"»>>'' '° under- 

stand how far and in what direction man has progressed 
m his mental and physical qualities. His familiarity with 

Ul also enable the reader to express a verdict whether, viewina 
h™! Pfosressed or retrogressed 

h.rrk^L« “■ pf 


ROCK PAJNTlNOS AND SCULPTURE 
In addition to the stone implements referred to above there 

'"P*""®* ^n diirerem p;rls of 

India, which prove the presence of early man on this continent 
But comparatively little systematic study has been made, and 



^ Of Msaiu, ftwtah, 

knowWge of the subject leaves much to be desired. An intensive 
campaign is needed to elucidate and interpret this asoect of the 
evidence of man’s handiwork in Irtdia. ^ 

Of the more imporUni centres of rock paintings wc would 
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Pradesh. Of considerable inceresi are the coloured paintings 
of rhinoceros, bison and various hunting scenes in the caves at 
Vijayagarh in Mirzapur district. Of these animals, the rhinoceros 
is now almost extinct in India and survives only in parts of 
Assam. Some have presumed, though without sufficient justifi¬ 
cation, that these paintings belong to the late Palaeolithic times, 
Similarly, the paintings at Singhanpur in Raighar district have 
also been sometimes accepted a$ of late Palaeolithic age (Fig. 59). 
However none of these paintings can be regarded as truly 


PiB 60 Another peinting In (he Slnghsnpur rock iKelter, occurring below (hat 
depicted In Fig. S9,Thl9 aUo represenu e hunting scene. 

prehistoric. Incidentally it may be mentioned that they resemble 
paintings in the caves at Ccgul in Spain, though the two are not 
of like antiquity. The rock engravings at Ghatsila in Bihar, 
appear to have an Australian impress and may indicate points of 
contact between the two continents (Fig. 61). 

More recently, the figure of an animal resembling a giraffe, 
now extinct in India, has been recorded byMisra from the rock 
shelters at Hoshangabad, in Madhya Pradesh. These shelters 
are believed to date from the Neolithic or New Stone Age, and 
if this interpretation is correct, it would indicate that men of the 
New Stone Age in India were probably familiar with the giraffe. 
Thwe is, however, no record here of fossil giraffes later than the 
Lower Pleistocene and the view expressed above has yet to be 
authenticated by actual fossil finds. Until then, this curious picture 
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remains something of a puzzle. Mtcrolitha have been found in some 
of the caves in Madhya Pradesh, and the associated paintings 
might well belong to that period. However, this cannot be 
authentically proved since the use of micro!iths has persisted 
to much later times. 



Rg. 61. Huniins teem ctned In rode near OhtulU. Bihar. Thie nwruhlei 
certain Auuralitn earvinfeand i probably of Neolirhic age. 

Of the Indian caves with more recerti paintings we might 
mention the Bkdal cave in BelUry. These paintings are believed 
to be of Neolithic age. 

Certain drawings on erratic boulders lying near Campbell pur 
in West Pakistan appear to indicate their Palaeolithic age though 
no final opinion can be expressed. These illustrations depict 
various mammalian types. 

resume" 

The stoiy of the Palaeolithic and later scone iodustnes of 
the Indian continent and Burma can now be summarised. 

An important point which emerges is that the earliest stone 
implements found irt the Indian contioeni (Pre-Sohan industry), 
occur in the Boulder Conglomerate of the Sohan VaUey 
of West Pakistan. These belong to the eariy Palaeolithic 
and are referred to the Middle Heislocsne. No eariier 
artefacts are known, the Lower Pletstocene, that is, tbe 
early phase of the Great Ice Age, so far proving barren in 
this respect It is equally noteworthy that two distinct types 
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of Stone industries evolved in India side by side, namely, the 
Sohan and the Madras (hand-axe) Industries. Whilst the Madras 
Industry was closely related to the corresponding industries 
of Europe and the Mediterranean region, the Sohan Industry 
evoK^ed more or less on independent lines, though both had 
meeting points at a number of places on the continent, 
Furthermore, though Lower Palaeolithic industries are well 
developed, the Upper Palaeolithic shows a lacuna, for stages 
like the Solutrian and Magdaienian are not easily recog¬ 
nisable in India, Pakistan, Burma or Ceylon. Even the Lower 
Palaeolithic stages, the Abbevillian, the Acheulian, etc., which have 
been recognised following the European nomenclatute. poyess 
certain distinctive features of their own and are better t[ualified 
as the Madras Abbevillian, Madras Acheulian and so on. 

The Palaeolithic industries of Burma, represented by the 
Anyathian are distinct from those of India and are, on the 
contrary, closely allied Co those of China and the Far East. A 
mild incursion appears, however, to have taken place into Assam. 
The main characteristic of the Anyathian is the absence oj the 
Bifacial hand-axe so characfen'stic of the western region. The 
Palaeolithic man of Burma used mainly choppers and chopping 
tools and hand-adzes, not hand-axes. 

The Shan States region of Upper Burma does not appear 
Co have been occupied by man during the major part of the 
Great Ice Age as no Lower or Upper Palaeolithic stone imple¬ 
ments have so far been discovered there. There is, however, 
indirect evidence of occupation of this region by man in Keolithic 
times. 

Another inexplicable lacuna occurs In the region to the north 
of the Ganga, for both the Madras and Sohan industries are 
absent from this region, nor has any trace of the Anyathian 
been found so far west, This area might well have b^n the 
meeting ground of all three—the two Western (Sohan and 
Madras) and the Eastern (Anyathian) industries. But our know¬ 
ledge concerning this region is meagre and no definite conclusion 
can be drawn. 

The Mesolithic, represented by Microlithic industries. Is 
widely known in India and is also represented in Pakistan. In 
typology it greatly resembles the Capsian industry of the African 
and Mediterranean regions and that of Europe. No Microlithic 
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industries, in the strict sense of the term, appear so far to 
have been found in Burma. 

The Neolithic polished hand-axe industry had a wide distri¬ 
bution in India, Pakistan and Burma, and appears to have 
attained its climax in Madras. In Ceylon, the polished stone- 
axe culture appears, however, to have been on the whole weak, 
so far as our present knowledge indicates (See p. 178). 

No undoubted Palaeolithic rock paintings have so far been found 
in India though some give the impression of high antiquity. The 
same is more or less true of rock engravings. Some of the paint¬ 
ings and engravings are, however, likely to be of Neolithic age. 

FOSSIL MAN IN INDIA 

This appears to be the appropriate stage where an account 
of the fossil remains of man in the Indian continent might be 
given. Elsewhere we drew attention to the deplorable fact that 
not a single fossil bone had been discovered in the vast 
continent of India which could be assigned to a human race 
more primitive than any living today. 

What are the causes of this lacuna, this void in the annals of 
research in India ? 

The lack of fossils of primitive man is certainly not due to his 
complete absence in India,- for traces of his handiwork in the 
shape of stone implements, engravings etc., are quite common, 
and he surely left his naked bones behind somewhere. Indeed 
India, the cradle of one of the great civilisations of the world, 
might well one day prove to be the cradle of humanity—the land' 
where man first attained his man-like suius. both in the physical 
and cultijrai senses of the term. This gulf Is, in .our opinion, 
idue a great deal to lack of field-work and (^o inadequate 
•public interest in pre-history, projects which bring imme¬ 
diate returns being more popular than those conceroed 
with the origins of our race. It is, however, apparent 
that It Is only the sum-total of knowledge which in the 
long run contributes towards the economic development of a 
country, and that often scientific pursuit which seems to possess 
no more than academic interest might actually have a direct 
bearing upon industrial developmew^ How many among us 
know, for instance, that a single fra^ent of a fossil might tell 
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US that we are in the oiI*bearing zone of rocks; how many of us 
know what wealth of coal deposits might be revealed by a micro¬ 
scopic speck of plant life ? And are the beauties unfolded by 
an insignificant chip of flint, masquerading as an implement, 
of no consequence at all ? 


MADRAS 

The Adiianalhir (Adlchartalhir) Bur/ah 

Of the fossil remains found in India, (he skulls from Bayana 
and Aditanallur (Adichanalfur) are the most important. We 
have no precise knowledge of their age, yet it is probable that 
they are in the geological sense comparatively recent. 

The prehistoric site of Aditanallur, which lies on the banks of 
the Tambaraparni river in the Tinnevelly district of Madras, 
appears to have been associated with the Megalithic culture. 
Here skuUs and certain other selected bones (not whole skeletons) 
were found preserved in burial urns, some of which resemble 
those of Egypt. It is thus obvious that '‘fractional burial’, not 
cremation, was practised by these people. Along with the urns 
were found metal utensds and implements as well as stone-ware 
and gold-leaf ornaments. 

The Aditanallur skulls are particularly elongated or dolichoce¬ 
phalic (Fig. 62</), and are not mineralised. They possess the 
physical characteristics of certain primitive races living in India; 
therefore they are of small interest from the evolutionary 
standpoint. There is no definite evidence as to the antiquity of 
the Aditanallur skulls. However, it appears fairly certain that 
they belong to the Megalithic culture of South India whidi dates 
back to the third century n.a and which persisted till the 
commencement of the Christian era as the evidence from 
Brahmagiri appears to indicate. In view of this, an antiquity of 
about 2,300 years might be assigned to the Aditanallur burials. 

Elliot Smith is of the view that one of the jaws found here 
indicates resemblance with that of the so<all^ ‘old woman’ of 
the Grimaldi race from the Grotte des Enfants (Fig- 62). This jaw, 
though its teeth are much worn, belongs in his opinion to 
a young individual, because the skull to which it is attached has 
open sutures, a combination (worn teeth and unfused sutures) 
also found in the Grimaldi skull. Open sutures of the skull bones 
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Hs. $2. Adhutfflur skoU GoafMwd wHb tb» OrioAMi and motea AgRralian 
ikulk. 

tfiA^taiullur' &, Orimaldi; Aosttafiae. d, AditaMJlur ahiS seen in 
profile. ConipM ab» «, the Afihaaaihir jair wkh /, jaw of the **old 
woQiaa f^OD OrioieldL, (»< aod r^ after Blioc South) 
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are a sure indication that the owner is not over thirty (see p. 252). 
Moreover, amongst primitive races the teeth get worn much earlier 
th^ in the civilised races on account of the admixture of grit in 
their food and its coarse nature in general. Therefore amongst 
them worn teeth are not always a good index of age. 

It is interesting to find that the Aditanallur race resembled 
the Australian aborigines, The Aditanallur people, therefore, be* 
longed to the stock of Homo sapiens. Their successors are 
rwognised in the various tribes of South India today. The 
distribution of these Australoids in the Indian continent was 
restricted to the forests, hills and other less habitable areas 
by the invasion of the more intelligent Mediterranean races. 
To sum up, the Orimaldi race, the Aditanallur men and the 
Australian aborigines appear to have some primitive features 
in common, as may be seen from Figs. 62 a-c. and Aditanallur 
man illustrates an irriportant phase in the racial history of 
India. 

UTTAR PRADESH 
The Bayana Skull 

The skull found at Bayana near Agra, forty feet below the 
river bed. is completely mineralised. Its geological age is unknown. 
The great thickness of deposits beneath which it was found might 
be taken to indicate a considerable age, and so might its high 
degree of mineralization. But the fiuviatile deposits of the North 
India plains have accumulated at a very fast rate, and minerali¬ 
sation sometimes proceeds rapidly. Their rates in this particular 
case are unknown, but are possibly high, The age of the Bayana 
skull therefore is possibly low. Indeed, it may be less old than 
the human skuUs found in India of which we know more or less 
the exact age, namely, those of Harappa and Moheojodaro 
which date back about 2,500 b.c. 

According to Keith, who made a detailed study of the Bayana 
skull, its owner belonged to the same race that inhabits thb 
region today- Specimens of this kind are of potential impor¬ 
tance. Sooner or later one might be found in association with 
datable cultural remains. Such specimens would at least give 
us an idea of the rate of deposition of mud by the great rivers 
like the Gaoga and the Yamuna. 
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The Gorakhpur Cranium 

Another important find from Uttar Pradesh is the Gorakhpur 
cranium. Like the Bay ana skull, this was found during the course 
of excavations for a bridge near Umbui on the Koana river. 

ft is of interest to note that the skull was associated with she ls» 
bones, and what appear to be implements made of deer horn. 
The skuH fragments are white and completely fossilised. 

As far as can be made out, the owner of the Gorakhpur 
cranium was of the dolichocephalic t^ with a narrow, elongated 
bead. No definite opinion can be expressed as to the age 
of this find. If the apparently worked deer horns are true 
implements, a higher antiquity might be claimed for this fossil 
man than is commonly accepted. 


OUJAlUtT : WBSTERK INDfA 


The Langhn^ Skeletons 


The most recent discoveries of fosnl human skeletons^ some 
fairly complete, are those from the Sabarmaii basin, and 
have been referred to already (Fig. 63). Certain features of the 



skull and the proportions of the long bones are suggestive of 
negroid affinities (see p. 253). 

These skeletons are associated 
with microliths and, therefore, 
may be assigned to the Mesolithic 
or Middle Stone Age. It is not 
possible at this stage correctly 
to assess their antiquity. But, 
accordion to Zeuner, the fact that 
the LanghnaJ culture was soon 
followed by an Iron Age micro* 
lithic phase suggests that the 
llangboaj skeletons are probably 
somewhat older than 2,000 years 
since the Iron Age aiicrotitbs themselves are believed 
to dale back 2,000 years. However, for correct determination 
of their age, further discoveriee at this important locality must 
be awaited. This means that the pioneer work which was 


FSS* Skull of Mkrolilhic man 
froa Lanstiaaj, Gujarat. 
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commenced in this repon a few years ago by Saokalia, Iravati 
Karve and others should be continued despite all difficulties. 

FOSSIL MAN IN PAKISTAN 
The Sialkoi Cm/i/wm 

This cranium was discovered in 1912 in a stream-cutting near 
Sialkot and lay buried at a much lesser depth, (only six feet 
from the ground surface) than the Bay ana cranium. The com¬ 
paratively narrow skull formed a part of a skeleton on 

its right side. The remains presumably represent a deliberate 
burial 

The skull is of rather friable consistency and is dull white 
In colour. As in the case of the Bay ana find, its basal and facial 
portions are absent. Like the owner of the Bay ana skull, the 
Sialkot fossil man was probably of advanced middle age. The 
structure of his skull indicates that he was not much different 
from the inhabitants living in the area to«day. 

No opinion can be expressed as to the antiquity of this find, 
for no other fossil remains or implements were found along 
wth the skull which could help to date it. However, the re¬ 
mains do not appear to be of great antiquity, particularly in view 
of the fact that they represent a regular burial at a shallow 
depth. 


The iVaf Cranium 

This cranium was discovered at Nal in Baluchistan. It is of 
the elongated, dolichocephalic type and of large brain capacity, 
measuring about 1450 c.c. The fine, long nose suggesU cl we 
identity with the present-day inhabitants of the area. According 
to certain authorities, the structure of the limb-bones indicates 
that the Nal individuals had developed the habit of squatting 
on the ground. 

It is difficult to express any precise opinion as to the geological 
age of this find. An examination of the bones s«ms to suggest 
that their owner was buried resting on the left side- Itus mode 
of burial was prevalent during the Copper Age, which might 
Sliest a reference to that period. The typical pottery found 
with Che inhumation burials U Nal appears to suggest, however, 
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that the remains were contemporary with the upper levels of 
Harappa and Mohenjodaro, It is further possible that the 
early part of the Nal culture, with its Nundara phase, dates 
back to the Harappa culture itself which could mean an 
antiquity of about 4,500 years. 




CHAPTER VIII 


THE PLEISTOCENE AND PREHISTORY 
OF CEYLON 

^Land-hridges' com^ciing the Island wiih ihe Mainland 

For a correct understanding of the prehistory of Ceylon, its 
fossil man and its Palaeolithic and Neolithic cultures, a brief 
account of its geological history during the Pleistocene and 
Recent times appears essential. This southern island has not 
always been separated from the Indian mainland by a stretch 
of sea, but was, on more than one occasion, joined to it. 
During these periods Palaeolithic and Neolithic man from 
India found his way southward either owing to climatic vicissi¬ 
tudes or pressure from more powerful and better-equipped races 
who drove him in this direction. The main fact to bear in mind 
is that migration took place along these so called temporary 
‘land-bridges’ connecting the mainland with Ceylon. The southern 
part of our peninsula was the natural springboard fof these 
invasions, one result of which we notice today is that the lithic 
(stone) cultures of the Peninsular region and Ceylon are closely 
related. 

Oeologicaliy, Ceylon was a part and parcel of the Indian 
mainland (and of course of the Indo-Afro-Australian continent) 
for several hundred million years, possibly sin« the very incep¬ 
tion of the continent. The first separation appears to have taken 
place during Miocene times, about 25 million years ago, when, 
according to Wadia, “a wide and deep arm of the Miocene sea, 
much wider and deeper than the Palk Strait of today, flooded 
the mainland between Madras and Puttakm, severing the south¬ 
east extremity of the peninsula and converting it into a conti¬ 
nental island.” Though widespread, this submergence was 
comparatively shortlived, and an upward movement of th^^^cean 
bed began soon afterwards, particularly in the north-west of 
Ceylon, and has continued with minor oscillations up to the 
present day, with the result that the sea in places is only 90 feet 
deep. In passing it may also be noted that it was about this lime 
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(Middle Tertiary), though prior to the separation of Ceylon 
as a separate entity, that India acquired in broad detail its present 
outline. 

In spite of the labours of several well-known investigators, 
among them the Noones (N.A. and H.V.V,), Pole, Sarasin, 
Virchow, Wayland and others, our knowledge of the prehistory of 
Ceylon is still in its infancy, The latest work is that of Deraniya- 
gala, who has carried out important investigations on the pre¬ 
history of Ceylon and who discovered the first evidence of its 
polished stone-axe or Neolithic culture. He has also dealt with 
the equally interesting problem of repeated uplift and submergence 
of this region during the Ice Age, basing his conclusions upon 
the evidence of modern and fossil mammalian faunas and palaeo- 
climates. These we shall now summarise. 

There is evidence to su^sl that during Pleistocene times, 
Ceylon was connected to the Indiaai mainland several times. 
One of the most recent of these was a period of warm, arid 
^^^nditions, when a number of arid-zone reptiles from South 
India entered Ceylon. Among these are the lizard LophophoUs 
scabsicepsy the sand boa Gongyhphis conicus, both now living in 
North Ceylon. The fact that these (and some other migrants) 
have not yet spread to the southern parts of the island proves 
that they are recent arrivals in the island. It is equally note¬ 
worthy that certain other animals such as the tiger (among mam¬ 
mals) and the Draco or flying lizard and the King cobra, Naia 
hoftnah (among reptiles) are not found in Ceylon, which suggests 
that they must have themselves entered India in comparatively 
recent times, at any rate after the separation of Ceylon from 
India. The entry of these forms into Ceylon was prevented by, 
the arid conditions which then prevailed in the extreme southern 
part of India. This period coincided with the time when the 
reptiles (sand boa, etc.) mentioned above, Altered Ceylon. 

A study of the fauna of Oylon suggests that land-connection 
was established between India and Ceylon during a period of cold 
conditions, and was followed by separation. Aiter this, the island 
was rcunit^ (and separated) more than once. We learn from our 
Great Epic, the Ramayanay that land-connection with Ceylon 
existed during that period. This was the last such occasion; 
moreover the land-bridge appears to have been interrupted by 
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stretches of water to which allegorical reference is made in the 
Ramayana. 

!t would appear that when our divine hero of the Epics invaded 
Lanka (Ceylon) to save his wife Site (idolised and worshipped in 
India as the highest concept of womanhood) he used not only 
surface transport but presumably some kind of flying boats to 
negotiate these stretches of water. This would not be an impos¬ 
sibility when we consider the prevailing high winds on the sea. 
There is at any rate geological, zoological and archaeological 
evidence to prove the existence of a Jand-bridge between India 
and Ceylon. What if the facts mentioned in the Ramayana are in 
poetic or symbolic form? 

Of far greater interest, though perhaps of less immediate 
importance to the problem we have in band, are the three major 
movements of uplift which affected the island of Ceylon at various 
geological intervals. The last of these was post-Jurassic, 
probably of Pliocene age, when the uplift of the NiJgiris also 
took place. This uplift gave birth to the high mountain region 
of central Ceylon which was occupied by the Neolithic races 
of this island (obviously not by choice) for it was probably too 
cold for human habitation, since scarcely any evidence of occu¬ 
pation during Palaeolithic times exists. The geological dating 
of the two .earlier uplifts is less certain but they were both 
pre-Jurassic. Suffice it to say. however, that after each uplift 
the region concerned was eroded away into a peneplain through 
the lapse of aeons, so that today the configuration of the island 
of Ceylon shows three gigantic steps, as it were, two of which are 
bounded by prominent escarpments. The first of these trains 
extends as a low region of varying width from the shore land¬ 
wards; the second' is equally variable in width, and has a more 
uneven topography, whilst the third constitutes the central massif 
of Ceylon where Pidruigala, the highest peak, rises to an 
ajtkude of over 8,000 ft., with the lesser Adam’s Peak to its 
south-west. 

The above three regions are distinguished as the first, second 
and third peneplains (Fig. 64). 

Palaeolithic man Inhabited these peneplains, and his stone 
implements are found intermixed with the Ratnapura gem- 
gravels (whence the famous Ceylon gems are derived), between 
10 and 40 ft. below ground level. It is of Interest to record that 
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these gravels, the deposition of which was partly co-eval with 
Palaeolithic man, yielded crystals which were used (after only 
slight retouching) as implemenis by Palaeolithic and Neolithic 
man. In addition to inhabiting the first and second peneplains, 
Neolithic man lived also on the third and highest peneplain. 



Fia. 64. pisarammaiic seciien across C^Ioo.sbowina die tfarec f^plsum and 
principal geeloskal fonr^aiiPAS. Maoy imporiafit prehistoric sites occur tn 
the escarpuenu surrouedina the Arsi and second peneplains. Not to scale. 
(After Wadk) 

Climatic Fluctuaitons during the Pleistocene 

Elsewhere we have given an account of the climatic fluctuations 
which affected India, Pakistan and Burma during the Pleistocene 
epoch. Unfortunately, in so far as Ceylon is concerned a syste- 
made survey of the Pleistocene river terraces or of the stratigra¬ 
phic sequence of its deposits has not so far been carried out. 
Therefore it has not been possible to determine the detailed 
sequence of climadc changes—of Pluvials and Inlerpluviels— 
which affected the island. There is, however, no doubt that 
even Ceylon, so far removed from the Himalayas where actual 
ico-fields existed during the Great Ice Age, did suffer marked 
changes of climate during this epoch, and that these affected 
the life and migration of Palaeolithic and Neolithic man. The 
evidence upon which this U based relates mainly to its fauna 
and flora, both living and fossil. 

It is certain that when ice conditions in the Himalayas were 
at their zenith, cold conditions spread much further afield, with 
the result that some of the northern animals and plants migrated 
southward into Ceylon. One such instance is die pilot whale, 
fossils of which are found at Colombo at a depth of less than 
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20 feet from ground-level The pilot whale is a cold-sea form 
which proves that at one time the Colombo Sea was much colder 
than its modern counterpart. This interval obviously corres¬ 
ponded to a Pluvial period. With the oncoming of warm 
ilnterpluvial) conditions much of the fauna retreated to the 
Himalayan region, but left its mark in Ceylon (as also in the 
Nilgiris and Sikkim) in survivals at high altitudes of animals 
which are no different from Iheir Himalayan ancestors of the 
Pleistocene. 

Among such forms in Ceylon are cerlaiii hill-stream fishes, 
fresh-water shells and species of anls. For example, the fish 
NemacheUus boiia occurs in Ceylon and the Himalayas, 
but is absent in the warm intervening region. There are, similarly, 
other fishes whose distribution is identical. The lamellibranch 
Pisidium vincentianum occurs today only at Kandy and in the 
region north of the Himalayas. Among the anu, the form 
Acanlholepis cap^nsis ssp, lunar Is^ is restricted to Ceylon and 
the Himalayas. 

Among the plants thus isolated, the Rhododendron which 
occurs in the Himalayas, the Nilgiris and in Ceylon may be 
mentioned. 

Furthermore, in the dry regions of Ceylon there are animals 
characteristic of low altitudes whose relatives are found today 
in the southern part of our Peninsula. A combination of these 
two factors (occurrence of Himalayan forms at high altitudes 
and of peninsular forms in the arid zones of Ceylon) suggests 
that the cold fauna could not migrate back to the Himalayas 
even with the onset of arid conditions because Ceylon had already 
become separated from the mainland and that the entry of the 
warm fauna Into Ceylon took place during a subsequent yre^zm or 
Interpluvial period, when the Island was re-united to the mainlaod. 

Again, excavations carried out in a cave known by the name 
of Ravanilla have brought to light earth layers which show 
evidence of past wet and dry climates, indicating alternation of 
Ruvial and Interpluvial periods. In this cave, evidence of at 
least two Pluvial periods appears to exist, It must, however, be 
stated that, though there is evidence of the alternation of Pluvial 
and Interpluvial periods in Ceylon, no detailed sequence such 
as is known In India, Pakistan and Burma can be made out. 
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THE STONE AGE 

Until recently, Ceylon pre-historians, notably among them 
Sarasin, Pole, Hartley and Wayland were of the view that the 
Heolithic polished stone-axe industry was non-existent in Ceylon. 
In 1940, however, Deraniyagala found polished stone axes at 
Kelaniya in the Western Provinces and at Udupiyan Galge in 
the Balangoda district. These were supplement^ by further 
discoveries in the Kuruvita area, proving the widespread occur¬ 
rence of the polished cell. 

The type-locality of the Palaeolithic culture is Ratnapura, 
whilst the type-locality of the Mesolithic and Neolithic is the 
Balangoda cave. These cultures are subdivided into the following 
phases by Deraniyagala. 

Balangoda phase HI {pro^Xstoric 

Balangoda phase II Neolithic 

Balangoda phase I Mesolithic 

^tnapura phase HI-1 
Ratnapura phase n / 

Ratnapura phase I (Cultural phase uncertain.) 

Further details are given below and are summarised in the Table 
on p. 182, while the distribution of the principal prehistoric sites 
is shown in the accompanying maps (Figs. 65 and 66). 

ThA Ratnapura Culture Phase^PalaeoUihic 

The stone implements of this phase occur mainly in the gem 
sands and gravels of the Ratnapura area in the Sabaragamuva 
Province of Ceylon. Through this region drain the Kalu Ganga 
and the Kelani Ganga towards the south of which Colombo is 
situated. 

The gem sands were formed by the disintegration of the 
crystalline rocks of Central Ceylon, which were the originai reposi¬ 
tory of the gems. In addition to stone implements, the sands 
contain remains of vertebrate animals such as hippopotamus, 
giraffe, elephant and rhinoceros at various levels. Upon 
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the basis of these organic remains and the nature of the stone 
implements, the Ratnapura culture is divided into the phases 
mentioned above. Remains of plants, mostly leaf impressions, 



pjg. 66. Portion of Fif. 6S enUrged. showing Um type PalacoJitbtc locAliO'. Ratn&* 
pun. the type Neolithic locality, Balangode, and other archaeological utce. 


are Interbedded with the gem sands at *a number of horiions, 
suggeelin'g the alternate presence of rivers (which gave rise to 
the sands) and lakes, in whose comparatively pladd waters the 
plant remains were deposited. The cause of this change in the 
facies or nature of the deposits was none other than the ejtfth- 
movements to which reference has already been made in the 
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Opening paragraphs of this chapter. Uplift produced rejuvena¬ 
tion of rivers, resulting in erosion, and deposition of material 
as saitds and gravels, while subsequent peneplanation resulted in 
practical absence of gradients and consequent development of 
lacustrine (lake) conditions. As an indirect result of these earth- 
movements, redeposition of the sands appears to have taken 
place, giving rise to an admixture containing organic remains of 
more than one horizon, as also in the rolling of stone imple¬ 
ments. 

The variability of the stratigraphic sequence in the Ratnapura 
gem pits is well brought out by the following sections exposed 
in different pits :— 


Alutgideniya 


Humus 

.. 9 feet 

Brown sand .. 

.. 6 *• 

Fine grey sand 

Leaf bed with fossils 

,. ” 

at bottom .. 

,. 12 *» 

Boulders 

..3 *• 

Dark grey grit 

.. H *» 

Yellow ferricrete 

.. 6 ins. 


While gem sand Wama 1 ft. 

37 feet. 6 in. 


Dehigaha-tUftna at Kaifang4. 

Mud and sand .. 12 feet 

Leaf bed .. 3 ’* 

Clay .. li” 

Illama with large pebbles, 
chert and tree trunks 2 " 


ISifeet 


Ambalandora 

Humus > - feet 

Grey sand, blue clay 
and water-worn 
pebbles .. .. li " 

Lateridsed gem gravel 
wild artefacts .. 3^ *’ 


Si feet 


Ganfgama 

Humus • • 9 feet 

White sand .. 6 ” 

Leaf bed and fine white 
sand ..12** 

lllama 6 ins. to 2 ft. 


29 feet 


Fla. 67. Straiifraphical seoiou mel in ihe Rainapura pits. The artefacu 
usually occur ia the jem sands or ISc/rto. (After Deraoiyagala) 


It is noteworthy that the majority of artefacts occur in the gm 
sands locally known as Ilkma, and are water-worn. This implies 
that they were transported for long distances from places where 
Paiaec^thic man originally lived. The fact of their redeposition 



6i. TilMolithie implaoeDls of RaCDtpun CuHuro PliaM U. 

4 heu| 0 ial rock^Tiul woftedu tbe4>eK: Rujupun; AfpentagoniJ 

E t4l ihowiof fliJce tern; AtBt»«kodon; c, crude eou^-df-fcingt Cfltu- 
i; d, ckover of crytui, Pinral JUkvut; e, boueher of 

AbbeviUien DodAOicie; /, chopper «rjUi 4 rtnisbt cutting edge* 
Alutpetefyt; f. cieev^r; Mcreaott; bosed oa pebbiM) h, B4mi*ltiDSt» 
chopper; Nereevetw vile; A teke dwpeer; Monou; j. ctet>« HtH 00 
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perhaps more than once» adds to the uncertainty of their exact 
age. 

Palaeolithic man In Ceylon used various types of materials 
—flint, chert, quartz, jasper and fossil wood—for his implements. 
Artefacts of fossil wood appear to be absent in the Sabaragamuva 
Province and are confined to the North-Western Province of 



Fly. S9. P4lfi«oliihic imp1«m«nu from the Raintpun atm sands, Rauiapura Culture 
PhuelH. 

0 , scraper with a concave base made from the core of « cryitaL 
shox^ngihe Lavallois technique; from Ratnapura; fr>lai’fle, diseoidalchopper of 
chert produced from a (lake similar to the dlseoldal ch^pers from the early 
Aeheulian; from Dehifaha tlnna. at Kaitanye. (After Deraniyaaala). 

Ceylon where coniferous fossil wood is met with. The Rama* 
pura implements, which usually occur at depths varying between 
10 and ^ ft, are based upon cores or pebbles. Flake implemenU 
and natural crystals were also in use. 

We shall now deal briefly with the three cultural phases of 
the Palaeolithic of Ceylcn. 

No definitely recognisable stone implements have been re¬ 
covered from Ratnapura Phase I. It seems likely that certain 
crystals found at this horizon were used as implements. But 
one cannot say this with certainty. The implemeots of the 
other two Ratnapura phases (11 and III) usually lack the retou¬ 
ching characteristic of the later Palaeolithic stages and -consist 
of heavy chipped flakes, or they are based on pebbles. Their 
typology thus relates them to the Abbevillian, Chough Adieulian 
and possibly even types suggestive of the Levalloisian are 
met with. Many implements from the lower levels of the Ratnapura 
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culture phase possess? affinity with the Sohan Industry of 
Pakistan, rather than with the Madras hand-axe Industry even 
though the Madras region lay much nearer. 

In Ratnapura. Phase II, various crystals worked apically or 
laterally or with tapering beak-like projections, have been found, 
whilst the coup’{f€’Pcing and some well-shaped scrapers of 
crystal are also met with. Among other artefacts may be men¬ 
tioned choppers, bouchers and cleavers of various types 
(Fig. 68 ). 

Artefacts of Ratnapura Phase HI are usually better made. 
Among these are included cores shaped out of crystals, discoida! 
choppers of Acheulian type ( Fig- 6% ). scrapers exhibiting 
the Levallois technique (Fig. $9a), and cleavers. 


Bahngoda Culture Phase—Mesolithic and Neoliihic 

We have already pointed out that there is an abrupt break 
between the Palaeolithic (Ratnapura) and the Mesolithic-Neolithic 
(Balangoda) cultures, which suggests that when Balangoda man 
invaded Ceylon, the Ratnapura culture was already extinct or 
that, at any rate, suffered sudden and complete extinction as a 
result of ^s invasion. In his own turn, Neolithic man was 
ousted from the lowlands and driven to the mountainous 
regions of Ceylon by the influx of metal-using races. How¬ 
ever, it can be stated that Neolithic man in Ceylon was 
on the whole at a lower cultural level than his counterpart in 
India. 

The Balangoda culture phase includes the Mesolithic with its 
characteristic microliths, and the Neolithic with large artefacts 
such as ground and polished stone axes and bone implements. 
A very characteristic feature of many of the macroliths or 
larger stone implements is their pitted or perforate character. 

Artefacts of the Balangoda culture are found in the Ratnapura, 
Balangoda and Kuruvita areas, all situated in the Sabaragamuva 
province. Balacgoda itself Is situated about Kl miles w.s.w. 
of Kuruvita and about 20 miles due west of Ratnapura. 

Lik!e the Ratnapura culture, the Balangoda culture is tenta¬ 
tively divided into three phases. Of these the earliest, Phase I, 
heralds the incoming of the Mesolithic industry and corresponds 
to a later (re-ldeposition of the gem sands than the youngest 
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gem sand of the Ratnapura area containing Palaeolithic 
implements. 

According to Deraniyagala, the following stratigraphic sec¬ 
tions with redeposited gem sands {containing Balangoda 
implements of Phase I) are met with in the Ratnapura 
area :— 


Makumbura, Mudduva AhtgSdeniya 

Mar Ratnapura 


Humus .. 6 feel 

Swamp humus .. 

10 feet 

Red lateritised earth ,, 8 ” 

Leaf bed and sand 

9 

Sand .. -.9" 

Grey sand 

2 ’• 

White compacted sand i foot 

Coarse sand and ane- 


Ar^act illa/tTO .. 2 ” 

faa 

3 ” 


Fine sand 

1 foot 

25i feet 

Jllama 

6 feet 



31 feet. 

bfdlivala Deniya, Pohor^ava 

KospUia Inna 


Black humus .. 2 feet 

Humus 

6 feet 

'White sand and artefact 6 " 

Pine red earth char¬ 


Laleritic gravel ., 4 ” 

coal, pottery and arte¬ 


Bluish 27/(2m<2 .. bin. 

facts 

li feet 

Graphitic marlava (clay) ? 

Qay 

•> 

Fig.* 70, SiratiErepfaic mcUou in 

tbe eem pits of Uie fUtoapura 

area, with 

gem^uds cooiannng implements of the early Balangoi 

ia Culnire 


pbuf. (After Dennjytgeb), 

The other two phases constituting the upper level of the ' 
Balangoda culture have been separa¬ 
ted upon the basis of artefacts and 
fossils found in the caves of the 
Balangoda and Kuruvita areas. Of 
these, the lower borizoo, Phase 11, 
contains ground and pitted macro- 
liths while the higl^ Phase lU, 
contains polished and bored imple- 
laeats (Fig. 71). The cdt often consis¬ 
ted of crystal and was a hafted weapon 
for it was incised to accommodate 
a handle. The pitted pebble was also 
used as a hammer.* 



c 


Fig. 7J. NeoUthic zrop)^ 
iiMcts of tbe Balu^»dA 
Culture phase, a, cell; bf 
. poU$hed perforuM con; 
c, pined MbbK (Afte* 
Denniyagu). 
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Balangoda Area 

The Balangoda area lies on the first and second peneplains. 
Stone implements are found in the numerous caves occurring 
within the escarpment separating the two plains. On account 
of the presence of water and game which must have abounded 
in the neighbouring forests, Balangoda man seems to have 
frequently occupied these caves and rock shelters. 

Two of the important caves of this area are Udupiyan Galgi 
near Diyavinna village, and Bambara Gala near Tanjama. We 
shall deal only with Udupiyan Galg^ which is also the type-cave 
for the Balangoda culture. 

The stratigraphic section in a pit sunk in the platform in front 
of the cave is as follows 

Fine dust aod bat guano with pottery 
and stone implements .. .. feet 

Sand wth implements .. .. .. 2 ” 

Sand with large stone implements .. ” 

From the above section it will be noted that implements com¬ 
mence near the surface and continue to occur in the lower levels. 
Tie presence of numerous remains of land- and water-snails, 
turtles, fresh-water crabs, birds, squirrels, monkeys and various 
other mammals gives an idea of the food traits of Balangoda 
man. No fish remains were found here, but these are known to 
occur elsewhere. Evidence appears to show that while the 
vertebrates were eaten after roasting, the invertebrates were saved 
this formality. 

Among the Balangoda implements found in this cave are an 
ellipsoid pebble, a crude artefact of ferruginous quartz, needle- 
shaped and rhombic artefacts and bone implements aod numer¬ 
ous flakes of chert and quartz (Fig. 72 ). The ellipsoid pebble 
was an artefact with one (or more) conical depressions situated 
laterally along each median line, and was apparently a ha^ed 
weapon, that is, it possessed a handle. The conical nature of 
the depressions proves the Neolithic age of the implements for 
pits of this shape are characteristic of the period. 

It is interesting to record the occurrence of faceted haematite 
and graphite pebbles. The faceting was probably produced by 
rubbing, which shows that the material had bin ground for 
use either for ceremonial or decorative purposes such as painting. 






Fig. 12. Neolithic implemeots of the Bslangode Culture phase from the Balajtgoda 
ajid Kuruvila aieaa. 

«• elUpeoid piite4f pebble; ^ and e. borers, from Udupiyan Ceige; d, ellipsoid 
piit^ pebUe, from BelJ Oal^ Bambarabotu^^e; f and f pUled culMlds; 
f, pitied ctit; h, four small s^le and double pointed borers of bone, from 
Batadomte Le^ KuruvUa; I, ridged celt, from Nervana gal lena, Kukul^ma; 
A anvU^m cnndstone, from Nervarui gal lena;/:. grinding implement of 
oyital. (After Denniyaiala) 


\ 
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Tlie Kuruvita Area 


The Kuruvita area drained by the Kuni Ganga, is now charac¬ 
terised by numerous swamps, which are the remnants of the 
Pliocene-Pleistocene lakes. Here again, on account of the ready 
access of water, profusion of fish, aquatic birds and other game, 
Balangoda man found convenient shelter in its caves. 





c 


Fig. 73. Pitted Neolithic ertenicu from Madras, Mysore, etc. 

A piMd and b, pitted cuboid fronj Bellary, Madras State; c sad d, pitted 
artefacts fitMTi tbe Kolar goldfields. Mysore, Tor coirtpamon with dmllar 
artefbeta from Ceylon. (ATcer DeranlyssaU). 



An important cave in this area is the Batadomba Lena, near 
the village of Valandure. We propose to confine our attention 
to this even thou^ other nearby caves, such as the Batatota 
Lena, have been investigated. 

Implements both of Mesolithic and Neolithic aspect are found 
here (Fig. 72). The former include the usual microliths or small 
stone artefacts as well as those shaped out of bone. Among 
tbe microliths are awls, borers, burins, points, etc. The most 
important of tbe macroliths or larger artefacts, are the pitted 
stone blocks of various shapes—cuboid, ellipsoid, ovoid, and 
prismoid, while some resemble hand-axes. The pits are coni¬ 
cal in shape, which again proves their Neolithic age, for similar 
drilling of later tirnes, e.g., of Bronze Age, was cylindrical in 
pattern. The ellipsoid pebbles resemble the one recovered from 
Udupiyan Galg^ of the Balangoda area. Tbe pits occur centrally 
along the median longitudinal line in the case of the ellipsoids 
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Hy^itkfihas 


hytudrifus 


Upper 

Pliocene 


HtxAprotodof* 
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1 

Post 1 

Pjebiocene 1 

BaloNfctU III. ' Historic 
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Balangoda /I. ! I 

Pre-Dnvidiao pitted ' 

aod ground macro* Heolithie 

Ijthic and mesoli- 
ihk types ' 

EUphe.<> maxtwus 

maxunus 

£2epAo.r maxwNtt 
flleUyo 

Bfephas maxlmus 

moxlrrua 

£lep/ui5 n^ximus 
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1 

Upper 

PFtuiocene 

Behflgoih 1. ' 

Bfitry of mesoUlhiv | 

?(«•.* Meeolhhic 

deposition of gern 

sand 1 

Elfplias ntoxlniug 

Mnhaltyus 

Rhiwetrop 

jilnhe/eyut 

Hexaprpiodon 

sinkaUyus 

Base of Upper 
Plwtocene * 

Top of Middle 
ndstocene 

^Inapvia lU. 

Origiral shapes of i 

f!alM and cores 

altered by flaking , ^ 

and chippit^l 

R/ilnoftrps iinhaJgyus 

1 PetapplModOft 
nanftxflcit.^ mha/tyus 

Hfxaproiodoii 

shfhalfyus 

Base of Middle 
Plebtocene 

Lower 

Pleistoeene 

Rainapwe H. /irhfuUaii - 

Original ahtpee of * 

fiaka and cores 
retained; flaHng 
scanty 

AbhtyfWon 
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Hex^oiodon 

sinhalfyus 

Glraffa 


Rcinapura 1 
Arte^cts bUherto 
unrecocDiseil 


CSVLPN'S CULTUU I COKAttATlON 


‘ s * F^. 74,' Correlation Table of the Ccyloftwe Stone Age culcufes fRatnapun* 
and Balangoda Phaaea), and auooiated fbuna, (Mainly tUtr Denn^asala) 
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and near the wider end in ovoids. It is obvious that the pits 
were used for hafting. The variation in shape of the pebbles 
indicates th«r varying functions, such as for use as hammers, 
celts, etc. Similarly-hafted stone hammers are in use even today 
in Australia and parts of India. It is noteworthy that pitted 
pebbles also occur in America, England, Ireland, East Africa 
and, of course, in India, as for example at Bellary in Madras 
and Mysore in Southern India (Fig. 73). Similar pitted pebbles 
are known from Allahabad and the Kaimur plateau in Uttar 
Pradesh. 

Among other artefacts recorded here are anvils, pestles, mortars, 
grindstones and grinding stones, while the bone implements 
include double-pointed borers, hooks, piercing weapons, necdle.s, 
etc. 

A precise corr^ation of the various cultural phases of Ceylon 
with those of India or Europe is not possible in view of the 
paucity of data. Much remains to be done, particularly in regard 
to the detailed survey of the river terraces and soil deposits of 
Ceylon before an accurate and up-to-date chronology of the 
Stone Age of Ceylon can be established- Deraniyagala has how¬ 
ever proposed a tentative correlation based upon fossil 
evidence and typology of implements (Fig. 74). ' 

PREHISTORIC PAINTINGS AND DRAWINGS 


So far no drawings or paintings of Palaeolithic age have been 
discovered in Ceylon, Our knowledge of the finer arts of 



^ ^ elephams. huuun ^gures «Cj by ?*e;iihfc man, in the 

shelier, near SiyamMJa, ^ern Province of Ceylon. 

and brown colours. Note the narrow 
Li^i **^^,** .Sun I far paintine have been found in 
cenam rock shelicra on the Nile, in EgypJ* (After Deraniyagala) 
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prehiiioric man in this island is, therefore, confined to the Neo¬ 
lithic and later periods. 

The most notable of the Neolithic paintings are those of 
the Manda Galg6 rock shelter not far from Siyambala Anduva 
in the Eastern Province of Ceylon (Fig. 75 ). The artists appear 
to have employed a yellowish or brown material, presumably 
yellow or red ochre mixed with some oily substance to depict 
elephants, bears and human figures. Some of the elephants 
depicted possess tusks. Similarly, the drawings referred .to by 
Still from Tantramalai and by Seligmann from Uva appear to 
be of Neolithic age. 

Another locality where prehistoric paintings have been found 
is Qoravaka Kanda, Kagalle district- A characteristic feature 
of some of the elephants depicted here, as also of those of 
Manda Galg6, is their projecting posteriors. Deraniyagala has 
remarked upon the fact that similar elephant figures have 
been depicted at Abka on the Nile, by Neolithic man. This 
similarity with a far-lying outpost of Neolithic culture is remark¬ 
able and probably indicates racial affinity. As will appear pre¬ 
sently, it seems probable that these Neolithic races and their 
culture were originally native to the Soil of Southern India and 
subsequently spread to Ceylon and to other distant regions. 


MIGRATION AND DISTRIBUTION OF PALAEOLITHIC AND 
NEOUTHIC RACES : CORRELATION 

Certain facts regarding the migration of Palaeolithic’ and 
Neolithic man from India into Ceylon and his distribution in 
the Island are of great interest. We shall consider the two problems 
together as they are obviously intorelated.# 

The rather crude nature of the Ceylon Palaeolithic and 
Neolithic stone industries, suggests that Paheolithic man entered 
Ceyhn while the stone industry in India was still at a primitive 
stage. That it did not advance in Ceylon even after the lapse of 
ages was in all probability due to lack of incentive owing to 
absence of competition which those on the Indian mainland 
had to face. As a result of this, early man in Ceylon appears to 
have remained at a cultural level corresponding to the Abbevillian 
through a long interval, whilst during this period his correla¬ 
tives in India developed to the AcheuUan cultural stage. In other 
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words, Palaeolithic man of Ceylon remained in a cultural 
backwater. 

Another point of much significance is Chat Palaeolithic man 
appears to have become suddenly e^ctinct in this island, and 
was replaced equally suddenly by Neolithic man. This may be 
accounted for by two reasons. Firstly, it is possible that the 
extinction of Palaeolithic man was due to climatic changes—the 
setting'in of arid conditions—which also resulted in the extinction 
of the hippopotamus and other larger mammals. It is equally 
possible that when Neolithic man invaded Ceylon from India, 
he was not only numerically far superior to the indigenous races 
but also possessed much better weapons; he was easily able to 
overcome the local races who thus suffered sudden extermination. 

It would appear that at least two different Neolithic races from 
India invaded Ceylon. This is suggested by anthropological evi¬ 
dence, for the present-day Veddas of Ceylon ‘throw back’ or 
exhibit at least two racial types in their progeny, corresponding 
to the Pre-Dravidian types of India, the KurumSa, Irula and 
others. 

The struggle for supremacy that ensued between the Palaeoli¬ 
thic and Neolithic races and between Neolithic and metal-using 
man, naturally iniluenced thcii distribution in Cbe island. The 
high mountain region of Ceylon forming the third, peneplain 
(Fig. 64) appears to have possessed a climate that was too cold 
for normal habitation by the tropical races. The existing fauna 
and fossil evidence points to the same conclusion. This is further 
proved by the fact that scarcely any trace of Palaeolithic man 
exists on this peneplain, while, on the contrary, there is abundant 
evidence of its pupation by the Neolithic races. This may be 
due to the that the Neolithic races were driven to these 
inhospitable climes by the influx of man knowing the use of 
metals. It is suggested Chat the modem Veddas are the descen¬ 
dants of these Neolithic races and have acquired various charac¬ 
teristics by interbreeding though they have not even today learnt 
Che use of metal tools, and continue to employ stone and shells 
for the purpose. 

In short, the Neolithic races (for there were probably more 
than one) remained in a Iniltural backwater like their Palaeolithic 
forerunners. 


THE PLEISTOCSNB AND PRBHtSTORY OF CEYLON 


187 


The greatest affinity of the Ceylon Palaeolithic and Neolithic 
cultures is naturally with those of the Indian continent and this 
applies particularly to the Upper Neolithic. In so far as the 
Palaeolithic is concerned, the artefacts of the lower levels resemble 
those of the Sohan Industry of Pakistan, rather than the Madra- 
sian hand-axe industry. This is somewhat surprising. Indeed 
it was at one time believed that the Madras type of hand-axe 
was non-existent in Ceylon. However, recent discoveries (Fig. 76), 
few though they are, have disproved 
this view. A part at least of the Ceylon 
Palaeolithic appears to correspond to 
the Pinjaur Zone of the Siwaliks and 
the Tji Djoelang Zone of Java, because 
both these zones contain the same 
fossils (hippopotamuses and anthra- 
cotheriidae or horses) as the Ceylon 
Palaeolithic. TbeAnyathian of Burma 
may also be e<)uated to the Palaeolithic 
of Ceylon upon the same basis. 

Hie late Neolithic of Ceylon, charac¬ 
terised by the pitted artefacts described 
already, has an even wider distribution, 
though all these occunences are prob¬ 
ably not exactly contemporaneous even though identical imple¬ 
ments have been found in India (Uttar Pradesh, Madras and 
Mysore), in North and South America, England and Ireland. 

According to Hooton, certain fossil human skeletons indicate 
that the Neolithic races of America who manufactured the pitted 
artefacts of pre-Dravidian affinities. It is also believed 
that the makers of similar artefacts in Ceylon were likewise 
pre-Dravidians, though this conclusion is not based upon fossil 
evidence. It has been further suggested by some that Iht pre- 
Dravidians were of Indian origin and migrated to Ceylon and 
much later, possibly in early historic times, to America and parts 
of Europe* and S.E. Asia. The modern Sinhalese are believed 
to have formed the van-guard of the Aryan invasion. 

Whatever may be the exact position, this much is certain that 
the grand picture of the late Neolithic proves the existence 
of this culture over many continents, which, if it was not contem- 



poiTifQt h&od-axe of the 
MbdnuftA tyM fouAd u 
Udupiyan O^ae C^ion. 
(After Oeruiyasalah 
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poraneous everywhere (as is very likely) had, nevertheless, an 
afFlnity that knits it into one inter^related unit. 


FOSSIL MAN IN CEYLON 

Honit> sapiens balangodensis 

Elsewhere we have focussed attention upon the complete 
absence of fossil remains of primitive, pre-Wd/wo^<y?f^'^^lyP^ 
India, Pakistan and Burma in spite of the profuse occurrence of 
their handiwork in the shape of stone or other implements 
in these regions. The position in Ceylon is precisely similar, for 
with the exception of certain fossil skull fragments and a molar 
and indisor of Homo sapiens of Neolithic age, no other fossils of 
man have so far been discovered, even though both Palaeolithic 
and Neolithic stone industries are well represented. 

The skull fragments discovered consist of a part of the frontal 
bone which was comparatively thick, as is often the case with 
primitive races. TTie skull was apparently of small dimensions 
but with chick though not well-defined brow ridges, and belonged 
to a man of about thirty, ^kcco^ding to Deranlyagala “the fact 
that it was detached, smeared with haematite inside and perfora¬ 
ted, suggests that it was part of a ceremonial burial” Some 
have even suggested that the piece of frontal bone with traces of 
haematite might have been a palette used by the Neolithic 
painters I The subspecific name, ^fangodensis has been given to 
this human fossil representing a small statured dolichocephalic 
race with large teeth. 

Neolithic man of Ceylon usually lived in caves, though it is 
possible that in later stages or under favourable conditions he 
built himself primitive shelters. The caves situated in inaccessible 
places but in the vicinity of water were usually selected for habita¬ 
tion. Each cave was protected by an overhanging rock-ledge, 
below which was a dry platform for sitting about. This protected 
platform also had a “look-out’ rock whence the approach of an 
enemy could be easily detected. A collection of la;gc boulders 
and stones served as ammunition in case of attack. 

As indicated by the bone remains found in the caves. Neolithic 
man's food consisted of birds, mammals, reptiles and snails. 
He knew the use of fire and the art of pottery-making. The earthen 
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vessels were usually decorated with a wiclcer-hasket desi^, 
which has persisted even to this day in parts of Ceylon. 

Once again we are faced with an imponant lacuna—the 
complete absence of fossil remains of primitive man in Ceylon, 
as in India, l^kisran and Biinna. Once again we emphasize the 
need for detailed and systematic investigation of the Pleistocene 
deposits and caves to enable us to come to authentic conclusions 
regarding early man in these regions, and to complete the picture 
of lndo*Ceylonese Prehistory. 







CHAFTEA IX 


THE PRIMATES 

Characteristics, CtassiJicaTion and Early History 

BfiFORE giving an account of the various fossU men, we may 
consider the Order Primatea—the 'First of the in the 

20o2ogjcal order of rank established by the Swedish scientist 
Linnaeus, in 175S. The fundamental importance of this Order 
may be recognised from the fact that within it are included the 
monkeys, apea and man himself and, in descending series, the 
lesser Primates—the tarsiers, lemurs, and ireC'Shrews. 



French 


Tosmanion 


Chimpon2te 


Pis. Sbowias the rdetive Cmelopoin oT euspfi in the fini, second and third 
true mt^en. Je. 2a. aod 3a i^icctiv^, of the hUber Primates. E, e, external 
cuxpe. p, poeunor c m p i . Ute cusps are ««II .developed in the apes such as 
the choiipanzea, a, aod ev«a id the eartv fossil humans, e s. Heidetbere man. h' 
bsceeie proper tkioaialT leas eoospicuous in oxKkxT^ prioutiva oias 
e.a T agn ao J an. «. and stiD lets so in the mwe advanced races, as 
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The distinguishing features of the Primates arc not easy to 
define, for as an Order they are rather ^generalised’, being 
uospecialised as regards food. They are. however, distinguishable 
by the following characteristics :— 

1. Their intelligence is higher than that of all other animal 
groups, and in the higher families, they possess somewhat 
human characteristics. 

2. They have a tendency to use their hind legs for getting 
about. 

3. They possess two mammae situated on the chest. 

4. Their highly evolved brain is much larger, in proportion to 
the size of the body, than in any other animal species. 

5. Their teeth are adapted both for vegetarian and animal 
food, 

6. They have retained five fingers and five toes, which is a 
primitive condition known as per\tadacty!y. 

7. They have also retained the original primitive structure 
of thedr molars or grinding teeth. The cusps or prominences 
on the grinding surface of the molars become, on the 
whole, progressively less conspicuous in the higher genera 
(Fig. 761. In other mammals, such as the elephants, 
horses and their allies and the carnivores, the structure 
of the molars has become highly specialised, and helps us 
in their identification. ^ 

8. Their mode of life is mainly arboreal or tree-living, which 
was probably also characteristic of the earliest mammals. 
This habit was no doubt responsible for the rapid develop¬ 
ment of the brain among Primates, for it required the 
necessity of quick thinking and sound judgement in 
movement from one tree to another. 

9. The opposabitity of the thumb and large tqe a&d the 
prehensile character of the ‘hand’ and ‘feet’ are charac¬ 
teristic of the Primates. 

10. Tl^ is a general tendency in them towards foreshorten¬ 
ing of the face (Fig. 77 ), which in man has become com¬ 
paratively flat- (See also Fig. 78 which represents the skull 
of the German philosopher Immanuel Kant). 

11. We may also mention the ability to stand erect, as in 
modem man and in some fossil men, such as Pithecan¬ 
thropus. Spine of the modem anthropoid apes as, for 
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example, the gibbon, are capable of standing and walking 
in a sub-erect posture. 

12. Lastly, a feature of great importance is the presence of 
flat nails In the more advanced members of the Order- 
In deed, even the early Greeks realised the importance of 
this characteristic. Howels relates that 
“Plato having defined man to be a 
two-legged animal without feathers, 
Diogenes plucked a cock and brought 
it into the Academy, and said, ‘This 
is Plato’s man’.” On which account 
this addition was made Co the defini¬ 
tion, “With broad nails” ! 




Fig. 77. Primate skulls serrally 
amna^ showier iiKfoase 
in bniji size ard gradual 
forMhenening of the (ace. 

0, No/fiarctiis, a primiiive, 
early Eocene Primate (Atier 
Cngory); b, chimpauee 
(After Gregory^ ; c, Java 

K mui (Aher McOiegor); 

andotbal man (After 
Bouk) tfid <, modun mar 
(After Gregory). 


Towards the end of the nineteenth century objection was raised 
to the common zoological definition of the Order Primates as 
the description applied equally to man- For this reason, man, 
egoist and egotist in one, not wishing to be included in the same 
Order as the apes, tried to found a separate Kingdom for his 
own species alone, parallel to that of the Animal Kingdom 
and the Plant Kingdom, and to name it the Kingdom of Man, we 
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suppose, The reason given was that man alone among animals 
possessed religious feelings. However, zoology and palaeonto¬ 
logy recognise neither grades of religious feeling nor intellect, 
and it needed a Darwin to say that "if Man had not been his 
own classifier, he would never have thought of founding a separate 
Order for his own reception." {Descent of Man, 1871, p. 191). 
During other times, when controversies 
a bout, man’s ancesiry were at their zenith, 

Huxley, one ,of the greatest scientists of his 
day, was provoked into the remark at an 
open meeting (where primates of another 
order were also present) that "it was better 
to be a perfect ape than a degenerate man." 

Coming from a lesser man such a remark 
wo u Id h ave been to nsidcred almost a sacrilege, 
especially during those early daysj coming 
from Huxley, it became an axiomatic truth. 

In a work of this nature we cannot afford to enter into details 
of classification. However, io order to give the reader some 
idea of the systematic position of man and his allies, the following 

subdivisions of the Primates recognised by Simpson, a modem 
authority on the subject, may be given :— 



Fla. Skull of (he 
philosopher Im- 
maDuel Kant. 
(After Wieder- 
shelmO 


ORDBR PRIMATES 


Sub-Order Anthiopoidea 
(Maa* Anthropoid apes &. 
Mcokevs) 


Super-FiMiuly 
Hominoidn 

(Mad aad Aothropold apee) 

F&nily Woaidee 
(Anthropoid apee) 


Sup«*Family 
CercopiducoidM 
(Old World Monkeys) 


H«Qjn;diie ' 
(MiUb Lvhia A fowii) 


Sub-Order Prosimit 
(T^rsiers, Lemurs and Tret- 
Shrews) 


Super-FacDily 

Ceboidee 

(New World Monkeys) 


AKTHROPOIDEA 

Hominoidea: Man (Worldwide); Gorilla and Chimpanzee 
(Africa) ; Orang-uian and Gibbon (South East Asia) 

The characteristics of modern man are loo well known‘to ti»ril 
more than passing notice. He possesses a Urge and conto'Seated 
*3 
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brain, the largest in the Animal Kingdom in proportion to 
the size of his body. His face does not protrude forward, his 
legs are longer than his arms and be stands erect. 

The anthropoids are the large apes which do not possess tails, 
(Fig. 79 ). In this respect they resemble man, They have, on 



Fig. 79. Ths f ibhen, one of the IIvIai anthropoid ^pea. It possmes very long arm* 
u compared to rhe lega (After Lo Oroa Clark) * 

the whole, larger brains than any of the other Primates, except 
man. They have a tendency towards acquiring the erect posture 
for which reason .they are known as Orthograde. They are 
subject to the seme diseases as man and their blood shows 
chemical reactions similar to his. Their arms are longer than 
their legs, the reverse of that in human beings. Four of their 
genera survive today, namely, the chimpanzee, orang-utan, 
gotiUa and gibbon. The gibbon is the smallest among aighropoid 
apes. It walks the most erect and possesses the widest range 
of voice. 

Cercopithecoidea (Old World Monkeys) and 
Cehoidea {New World Monkeys) 

The monkeys are all quadrupedal or Pronogrode, as opposed 
to Orthograde, in locomotion, They have, as a rule, longish 
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tails aod their hind limbs are longer than thdr fore liiobs 
(Fig- 80 ). 


Fig. ^ TU or Pig-ttilcd mootoy, UoeacMt. Iti hind limU an bnter 

fete lim(^ the reverte of ihu in ibe anifampoid apee. (After La oS 


They are classified into two subdivisions which are sharply 
defined- In the Old World or cararrfUn^ monkeys a narrow 
septum separates the nostrils, which are thus set close to each 
other, whilein the New World orphtyrrhiM monkeys the septum 
is broad and the n^rils are well separated- (Fig. 81). 



a b 

Pig. SI. The <M md New World mookers. 

A C«rHfMM9.oneorihecatanhiPB(OU Wor)d)inofikeye with nostrils 
e« close 10 each oeber and b. Ce 6 ». a ^aiymune (N^ World) ownJeev with 
iMUrib Wide apart. (After La Gn» Qartc) ^ 

All Ibe Old World monkeys are placed together in a single • 
.group, the Cercopithecoidea, and are distributed over /^ia, 
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Africa aod sparingly over Southern Europe. Among the Cer- 
copithecoidea are macaques, the commonest of Asian monkeys, 
guenons, guerezas and the mangabeys of Africa, the- langurs 
of the Indian continent. Burma, Ceylon, Tibet and Java. Here are 
also included the baboons and mandrills with long snouts and 
short tails. They mainly live on the ground in rocky areas and 
are forbi<%ling in their appearance. 

The present-day New World monkeys (Ccboiden) are all 
confined to South America. They are well adapted to 
arboreal life and, in some* cases, their tails are prehensile 
(capable of grasping) and are used for bringing fruit, etc. within 
reach. Their arms are long (out of all proportion to their legs) 
and their hands serve merely for suspension, so that the thumb 
having lost its prehensility, lias practically disappeared. 

^ Among the forms included here are the squirrel monkey 
and the capuchin monkey, so called because of a tuft of black 
hair on its head resembling the cap of a Capuchin monk. Another 
genus, Dourouccrulis has large eyes, and is adapted for nocturnal 
vision, whilst the so called ^howlers’ produce a considerable 
volume of voice and are of large size. Contrasted with these, 
the marmoset is the most diminutive of the living monkeys. 

PRQSIMIT 

/ 

TarsiifrSi Lemurs and Tree^hrews 

The other sub-Order of the Primates, the Prosimii, includes 
three of the most interesting forms, the tarsiers, lemurs and 
tree-shrews, ^ 

Only a sin^e* gents'of the tarsicrs, named exists 

today aod occurs in Borneo, the Philippines and Che Celebes. 
In earlier geological times several forms were, however, known. 
The Tarsius, which is no larger than a kitten* is an animat 
of nocturnal habits,, with a highly flexible neck and extraordi¬ 
narily large eyes. It lives mainly upon insects, and moves about 
the trees by jumping, for which its hind limbs are particularly 
adapted (Fig. 82). There is diversity of opinion as to whether 
it is more advanced than the lemur, and therefore to be 
included ambng monkeya or, whether, it is a primitive form. * 
The latter view is generally accepted today. 
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The lemurs are of great interest In as much as they possess 
structures intermediate between those of the lower Primates 
and their wlier forerunners, namely, such mammals as had 
not yet nttained the Primate status. They have appropriately 



Ha ^ Ycfuos of Tofflta, t tttm Ilvifig raktive o( TetoiUus, om of our icaote 
loecaton. Our ouhr apoHon of (be Eoom ptaoA probebh mnrmbrnil cbl& 
prioutive PriicaM. CAfRr Le Qroi Qait) 

bra termed *balf-apes\ Their relationship with the monkeys 
Is suggested by their comparatively well-developed brain, the 
structure of their hiod limbs and fore limbs which are fuacdonally 
atmilajMo those of the apes and whid) possess flat nails, excepting 
on the second digit In gnteral appearance they are, however, 
more like the noo-Primate Tnammait lacking the intelligent 
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look of the higher Primates, which is accentuated by their long 
snout (Fig 83). 

Tht lemurs are divided into two groups, namely the Lemuri- 
formes or true lemurs, which are almost restricted to 
Madagascar, and the Lorisiformes, which occur in Africa and 
in parts of Asia. 



Pif. Si. The Meuse Lemur, Micfvctbut, The lemurs ere primiUve Primatee and de 
nel pcewM the InielliMnt loolc of the hither Prtcnttoe, They ere celled "Halh> 
aflhn" (helf'iBonkeyil by Germtn naiun(lit% end lome wo<Ild not even group 
them with (he Primen. (From Le Oro# CM eAer Bond) 



Fig. $4, One of the lesser tree^hrews, Tvpcla tninor. (From Lo Groe Clerk, after 
a pbotogrtpb by Becks.) 

According to modem view^ the tree-shrews (Fig. 84) 
constitute the most primitive members of the Order Prirmies, 
Some, however, still consider that the tree^hrews belong not to 
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Primates, but Co the Insect) vofcs, such as the hetlsehog. 
A1! recent research favours the former view. Let us then 
acquaint ourselves with the cbaracierisiks of the tree-shrews, 
this interesting and, in some ways, puzzling group of animals. 

They arc widely distributed over Che whole of S.E Asia, their 
principal Indian form being Tupaia elUotU the Madras tree- 
shrew. Their dosest resemblance in external characters is with 
the rodents such as squirrels. The first thing that strikes one 
is (he functional tendency of the fingers and toes for grasping, 
which is so characteristic of the higher Primates. However, (he 
fingers are provided with daws, not flat nails. We must here 
mention that certain extinct member^ of the Tupaiidae or 
tree-shrews possessed flat nails instead of claws, which bring 
them nearer the Primates than their other characteristics 
might at first sight warrant. The incisor teeth are different from 
those of the rodents while, unlike them, the tree-shrews 
are mainly insectivorous. Othtt characteristics in which they 
resemble the Primates are their large eyes, their comparatively 
large brain in proportion to that of the true Inseclivores, and 
their poorly developed sense of smell, which is deficient also 
in the advanced Primates. 

The early history and evolution of the Primates is of great 
interest, for it takes us back to our own ancient ancestors, to a 
period when our forerunners had just begun to assume 
characteristics different from those of our pre-Primate 
ancestors. Our remote Primate ancestors are not well known. 
AJl that we can say is that they were forms perhaps closely 
related to such early types as the owner of the skuU 
to whom the name Anaptomorphus or Tetonius has been given, 
and which is represented in Fig. B5. Tet<mius was of small 
size, being no bigger than a squirrel, and much resembled the 
peculiar Living form the tarsier of the Philippine Islands. For 
this reason, some even go so far as to suggest that the tarsier is 
not only the nearest living relative of one of our earliest Primate 
ancestors, but that Tetonius itself is the direct ancestor of man. 
This form lived during the early Eocene times and possessed 
a more rounded skull and a larger brain (for its size) than any 
contemporary m ammal . This last fact is important since It 
makes a near approach to the condition found in the apes and 
in man, for it is obviou that even if the brain of an dephant 
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or a horse is larger than that of man, it is not so in proportion 
to the size of these animals. 

Besides their rounded skulls, both the recent Tarsius and the 
extinct (Eocene) Tttwius, possess very large eye-sockets to accom¬ 



modate eye-balls of corresponding size. Tarsius, in addition, 
is known to possess great flexibility of its neck vertebrae, so that 
it can orientate its head in almost any direction. Although 
Teionfus has been assigned to the lemurs by some authors, others 
even consider it closely related to the anthropoids. 

We might go another step backward in (he evolutionary scries, 
and mention the still more primitive form Pelycodus which 
itself was derived from (he generalised mammals. Another form, 
Noiharctus (Fig. $d ), can likewise lay claim to an ancestry from 

whi^ the later Primates might 
have evolved, and it is, indeed, 
considered by some to be even 
ancestral to Tesoniuf. But unfor¬ 
tunately we know so little about 
these ancient ancestors of ours 
that we cannot express any 
authentic opinion about their 
exact relationship to us. The 
pity is that we often seem to 
possess the least evidence about 
the earliest representatives of various animal groups—evidence 
that in reality is of the greatest importance, for it is only .from 
these early forms that we can get a correct picture of our 
ancestry. 



Pia. S6. SkuH of Noshram, oot of 
tbe eariy (Eocene) Prmtes. 
(After Otefoiy) 
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In the case of the Primates, the main reasons for these short* 
comings are that as a group they are of very great antiquity, 
going back at least 60 million years (early Eocene} and more; 
then these early forms were, almost without exception, of small 
size and delicate build. This not only made fossilisation uncer* 
tain, since such fragile relics would have poor chance of preserva¬ 
tion in a forest, but the beasts of prey could alTord to leave but 
little of their small quarry as it would hardly provide a square 
meal, especially if it was delicious enough I 


Theatres nf Piimafe Evolution 

The above forms, Tetonius and Noihurcius^ and, indeed, many 
other early Primates, are known to have existed in the North 
American region, so that our early Primate ancestors appear 
to have been of 'New World' origin, But the land of their 
birth proved too inhospitable for them, and they became totally 
extinct there before the close of Eocene times and migrated to' 
other parts of the world. 

While the first authentic Primates arose in this area, the earliest 
repieseniatives of the tailless apes, the smaller anthropoids, 
arose in Egypt, in Olfgocene times. In India the drst anthro¬ 
poid apes lived during the late Miocene times, it was during this 
period that, besides a number of other 'man-like' apes, there lived 
also the famous Slvapirhecus who was regarded by its finder 
as a possible ancestor of man. It is of the greatest interest to 
note Chat, just as the different grades of horses originated in a 
definite sequence (as we have seen), so also the Primates 
appeared on the scene in a definite chronological order, the 
most primitive ones first and the most highly evolved, last. 
Thus the earliest Primate-like forms akin Co the tree-shrews 
but more closely related to the Insect]vores such as^ Che* 
hedgehog, arose in the Cretaceous. Fossil remains of one such ' 
form represented by Che genus Zalambdalesles were found 
in the Cretaceous r^s of Mongolia. From the same region 
is recorded the earliest fossil tree-shrew, Anagale .in the 
OHgoceae. The first lemurs arose in the Palaeocene and became 
established in the Eocene. They were followed soon after by 
the tailed monkeys, by the smaller anthropoid apes tn the 
OUgocene, by the still more, advanced, the larger apes such 
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a5 Dryopiihecus in the Miocene, and finally, of course, by man 
himself in Pliocene times, or at any rate during the Pleistocene. 
It is even surmised that members of the Dryopithecinae may 
have given rise both to the large modern apesnnd to man. 

These approximate 'dates' are given so Chat the reader can 
form an idea of the chronological sequence in which our various 
relatives, remotely or elosdy affin^, ori^nated, and of our 
own relative position in the genealogical Table. 

It should, of course, be emphasized that in drawing conclusions 
concerning ‘first* origins we have to depend entirely upon 
known data. But every ancestor a.priori implies the existence 
of an earlier ancestor from which it descended. Our conclusions 
in regard to age must, therefore, be considered in the light of 
these facts, and when we say that the earliest known fossil rO' 
mains of man date back to the beginning of the Ice Age, it really 
means that he roust have originated at least in Pliocene times, 
if not earlier. So with other groups of animals and plants. 


Did Mart possess a TaU T 

There is a popular belief among the lay public that man has 
descended from the apes by a gradual shortening of the (at times) 
prehensile appendage commonly known as the tail. And. in 
any case, the majority appear to be certain that man or 
his forebears did once possess this portion of anatomy. 
Let us then take the first opportunity to dispel the reader's 
just misapprehension, and assure him that in the record of man's 

evolution the tail is singularly conspicuous by its absence_up 

to a point. For as far b^k as we can trace the pedigree of mao, 
since be first attained man's estate, be certainly did not possess 
this posterior projection. However, if the truth be told, it is 
certain Chat the commoo ancestor of man and the apes did possess 
one. For if you examine the human embryo you will see that 
it possesses for a while a tail of quite an ^preciable length 
(Fig. 87a) and cases have been known where a child has been 
bom with one (Fig. 876), showing that at some stage of our 
ancestry the Fates were kinder than they arc today. To conclude, 
this much seems established: that there has been no tail in our 
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Fig. 87. Bvldence of ihd tail (n man's 
pait hlitpry. 

«. human ambfyo with a tail, i; 
b, boy agad about taa with a tail: 

the lower end of our vertebra) 
a^umn which fbrmi a true tail, 
but which Uea hidden In our fkah; 
man'i fUh anceelry ia proved by 
the pmeen c e of ^l<leha %a in 
hla embryonic itaaaai (c after 
Aaiheton Mill and N^ioa: b, afiv 
Wiedenheirn and e, after Graham 
Kerr). 



history within the last few million years* not at any rate since 
we acquired the human form, except an unobtrusive length 
that lies buried within the body (Fig. S7c), or protrudes in man‘s 
embryonic stages. , 




CHAPTER X 


RACES OF FOSSIL MAN AND HIS 

NEAR RELATIVES 

iH nils cbapCer we propose to give an account of the various 
races of fossil man as weU as of the extinct man-like apes, those 
strange AusiralopithedDac of South Africa which had almost' 
reached the human level, and finally, of the extinct apes of 
India and Africa. We shall, however, deal with these in the 
reverse, that is the proper biologkaJ order, leaving the fossil 
men for consideration last. 

WoTure iif the Evidence 

The evidence upon whkb our knowledge of these ^racea is based 
consists mostly of isolated skull-caps, teeth, leg-bones and other 
bone fragments and sometimes, but rarely, of complete skeletons; 
and, in the case of man, also of his handiwork. This ancient 
humftn industry takes the form of stone implements such as 
points, scrapen, arrow-heads, ax^beads, or bone artefacts and 
relics of contemporary art—both eQgra>ings and paintings— 
some of which are preserved in ancient caves and shelters. While 
the evidence is sometimes clear and reliable, it is as often meagre 
in many respects. If. therefore, the reader should think that the 
scientist has overshot the muk in estimating the value of such 
evidence, we would request his forbearance, and assure him that, 
invanably, the help of several experts is utilised in coming to 
conclusions on such important matters, though it is admitted 
that there are often wide difiereoces in their interpretations of 
available endence. Thus there are fossil .remains concerning 
which there is no consensus of opinion even as to whether they 
belong to the ape or the human family, But there is no doubt 
that if we were in posseedoo of complete skulls and other bones, 
it would not be difBcuIt to assign them to th^ correct genea¬ 
logical position. As fresh evidoice accumulates, the picture 
becomes clearer and the pedigrees of the various races of fossil 
man and the apes are being founded upon surer footinp.* 
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Man's Place of Origin : Different Possibilities 

Wft have staled earlier that the evolution of man from some 
arboreal (tree-living) ape-|jkc ancestor may have taken place 
- in the Central Asian region. But in Africa we have fossil 
remains of sub-human forms that possessed the straight, 
human type of limbs; whose skulls were devoid of pro¬ 
minent brow-ridges even though they had small brains 
like those of the anthropoid apes. Therefore, according to 
some, man may well be an offshoot of one of these strange 
African beings, and his centre of origin may equally well be 
Africa as Central Asia, On similar grounds, other continents 
and countries have an equal claim to the ancestral home of man. 
Thus Egypt is the centre of origin of the earliest known 
apes, and there is no o priori reason why her claim to 
man’s birth-place may not be acceptable. The English palaeon¬ 
tologist, Guy Pilgrim, lays a like claim for the Indian continent, 
for he asserts that the extinct anthropoid ape SivapitkecuSy from 
the north-west region of India, was the forerunner of man, And 
if we consider the known record of the ancient fossil men from 
I Central Java, South-East Asia could well be the land of 
man's origin. In this island there is a remarkable chronological 
sequence of primitive and more highly evolved types—Py/Aeccfl. 
thropus erectus or Java ape-man (Lower-Middle. Pleistocene), 
Homo solcensis or Solo-man with Neanderthal affinities, 
(Upper Pleistocene) and Homo wadjakensis or Wadjak 
man (late Upper Pleistocene), related to the modern negriioes 
themselves. These probably stand in phylogenetic relationship 
to each other, that is, they are on the same line of descent, The 
discovery of a form ancestral to the ape-man would go a long 
way to the solution of the entire problem of the origin of man. 
However the recent discovery of Homo sapiens in Africa, in ro^s 
which are believed to belong to the Lower Pleistocene, rather 
. comj^cates the issue. The reader will, therefore, see that we do 
not know even today where exactly man arose, but each fresh 
disoovery is leading us nearer to the solution of this problem. 

Paucity of Human Jiemains : Locaiities of Early Fossil Men 

. . While the human race is so widespread, it is astonishing that * 
fossil remains of ancient man are few and far between. The 


206 


MAN IN EVOLUTION 


fact that primitive man owupied caves in inaccessible regions 
probably accounts for the paucity of his fossii bones and it is 
certain that many such shelters still remain undiscovered. How¬ 
ever, it is noteworthy that ancient man appears to have taken to 
the caves mainly during the latter part of the Lower Palaeolithic 
period, that is, roughly from Mousterian times onward. Cases 



Pig. SB, Mkp ihowirw localitiM where the mere importanl diicovertee of eer])* 

{ Mill men have been made. No foeiil men more primitive then H<mo taptfns 
ij been found in the (ndlen continent, Burnu or Ceylon, 

of cave occupatiOD during the Acheulian are, however, known. 
Prior to the Mousterian, man was essentially a forest dweller, 
so that the chances of his bones being preserved as fossils were 
small. For it is well known that organic remains have a much 
better chance of preservation and fossilisation in the open country 
than in forests where humid weathering proceeds rapidly. Thus, 
fewer remains are likely to have been preserved in early, than 
in late Palaeolithic times. Moreover, the race of modern man 
congregating in great cities leads a relatively protected life, and Is 
therefore more prolihc today than ever it was before. Even today 
primitive races are much less productive than civilised man,, and 
the fossil races were, similarly, not so prolific, Accordin^y 
their' fossil remains are rare. 



FOSIL ilAK AND MlS NEAR RElAlTVES 207 

Incidentally it may be mentioned that the physically weaker 

stronger races, this being; 
perhaps. Nature s way of perpetuating a race which might othet 
wise become exUnct. This can be proved so far as Indian popu- 
laiions are concerned by comparing the incidence of births in 
the vinle people of the Punjab with that of the less hardy races 
of our eastern parts, among whom a family team of eleven young¬ 
sters {sometimes complete with an umpire and even a stand-by) 
JS hot an uncommon achievement. 

In the whole wide world, the localities that have yielded fossil 
bon« of early man are few and far between. Some of these 
l^lities are indicated on the accompanying map (Fig 88) 
Fossil trains of man have also been found in other parts of 
the world but are alt. or almost all. of moderV types. 
reprcKnted m the living races, and cannot be classed as missing 
hnks m the real sense of tbe term. In India such remains have 
found at Aditanallur (Adichanallur) in the Tlnnevellv 
district of M^ras. at Bayana near Agra and Unghnaj in Gujarat 
Remains of Homo sapiens have also been found at Sialkot and 
Nal in West Pakistan and in the BaUngoda area of Ceylon, 
(see p. 188) 

Similarly, though numerous human fossil remains have been 
found m Amcnca, some of them seemingly of high antiquity, 
yet physically all of them belong to the modem American Indian 
and not one is in any respect primitive. Recent evidence 
also appears to indicate that all American finds are or can be 
of an age later than the Last Glaciaiion 


I. .EXTINCT AKTHROPOtD APES OF INDIA 


Siv^ilhecits 

No true apes are found living in any part of the Indian 
continent or Burma today, to past geological times, however 
our continent, or at least that part of it which constitutes the 
present Siwalik foot-hills, was peopled, during the time when 
the Siwalik rocks were being formed, by several species of these 
Their nearest present-day relatives are among the gi bbons 
inhabiting the tropical forests of South-East Asia, and parts 
of Sumatra and Borneo. 
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One of the most Interesting of the eximct Indian apes is Siva- 

pUhecus (Fig. 89). fragments of 
whose jaw-bone and teeth were 
^ ^ ) discovered in the Miocene 
A \ I Siwalik rocks of India, near 

J } Hari TaJyangar in the Bilaspur 

Himachal Pradesh, at 
V _J Ramnagar in Kashmir, as well as 

^ in some parts of the Punjab 

Fifi. S9. Lo*er i«« of SimMietw |,nd in Europe. 

The molar teeth of Slvapllh^us 
M by WifnrnMt^ tfirect MMfr resemble those of man, though 

the canine* project above the 
level of the other teeth as in the 
apes. It is the view of migrim who hrst discovered the Sivapl- 
rhecus jaw that this ape stands in the direct line of descent 
of man, But scientists in general are not agreed upon this, and 
the restoration of the lower jaw from fragroentaf7 bones and 
teeth has been much criticised. According to MsrcelUn Boule, 
the celebrated French palaeontologist, “the oonclusion that 
, this fossil belonged to the direct progenitors of the human race 
, . . contrasts with the slightness of the evjdesce on whi^ 
it is based/’ Another authority considers that tbe present find 
is only the lower jaw of Fahtapiiheeus, also an anthropid ape 
who will be introduced to the reader presently. 


Palatopifk^cus sivalensis 

Another large ape* of which fossil remains have been found 
in India is Paheapithecus siva/ertsis from the Pliocene rocks 
of the Siwalik foot-hills region of the Punjab Himalayas. 
It would perhaps not be laying undue emphasis on its human 
characteristic to say that it was a ‘manlike* ape in a greater 
measure than many other apes, for PaJaeopithtcus. did possess 
certain characteristics approaching (hose of man. Thus the 
arrangement of its teeth is intermediate between that which 
obtains in mao and, for instance, tbe chimpanzee. In the 
chimpanzee the rows of teeth run parallel, while in man they 
are definitely oirved anteriorly. In PalafopUhecus, likewise, the 
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two rows of i«th converge anteriorly (Fig. 90). though not 
quite to the same extent as in man. 

Another equally important tendency towards man-like charac¬ 
ters is that the canine and incisor teeth in Palaeopiihecus are 
not as much developed as in the apes, though more so than In 
man. 



Pig. M. Upper J*w of fa!a«opUhtvh OM of the Itrgor unhropold «ipe« from the 
Pliocono ortho Punjab Siwillki. Note that the rows of (eeth tena to converge 
interiorly though not to the eame extent as in man. (After lo^ekJcer) 


Dryopithecus: 

An Ape of the Miocene and Pliocene Oak Foresis 

Mention may be made of another large ape, Dryopithecus, 
whose fossil jaw-bones were found .in the Siwahk rocks of 
the Punjab (India) and in Western Pakistan. Fossils of Dryopi¬ 
thecus have also been found in France and Germany where, 
indeed, these were discovered earlier than in the Punjab. The 
SiwaJik hnd is oA greater interest on account of the association 
with it of certain flints which appear to show traces of intentional 
fracturing. While there is no direct evidence that any connection 
exists between the two, there seems little doubt that the imple¬ 
ments and the fossil remains are contemporaneous and this close 
association is certainly signiflcaot and puzzling. 

Much interest centres around Dryopithecus and other large 
Mio^e apes from the point of view of thdr relationship with 
man and modem large apes. According to Le Gros Clark, 
“there can be little doubt indeed, that among the African fossil 
apes and tlie various types of Dryopithecus are to be found the 
ancestors of all the modem large apes.’* Thus, species of Dryo- 
*4 
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pithecus **show considerable variatioo m their dental anatomy, 
some suggesting an approach to the chimpanzee, some to the 
orang-utan, and yet others to the gorilla.'’ 



Fif. 91. upper molart ot Ihydfi/hef^ for ca^wMoo with Oiote of a icrilli. 

01 iVwyfrt m tf ptn^abk m h, |onUa. la the foriHi. iha cafp» ere more 
rnimii~HniM tlttii m : cotBpere elio wtUi moMre of Hddelberg 

raui end other feceil men. efier Mgm: eftir Giepory). 


On the other hand, there are various characters which suggest 
that Dryopirhecus or some other Urge Miocene ape might 
even be ancestral to man. For example, the Dryopithecus molars 
(Fig. 9]0), are mtich like (hose of some early fossil men who 
are regarded as on the direct line of descent of modern man, 
whilst the generalised limh*bones of Dryopiihecus are also 
equally suggestive of a pattern from which our limb-bones could 
have developed. 

The term Dryopiiheats is derived from the Creek words dryw 
- oak and pitkreos •« ape, and was given because foasfl oak- 
leaves were frequently found associated with the remains of this 
ape, who, it is thus presumed, lived in the oak-forests of the 
Miocene and Pliocene epochs. 

II. EXTINCT AmHROPOJD AFBS OF AFRICA 

Parapithecus^ Prcpiiopithecus^ Pfiopithfcus (O/igocene) 
Proconsul {Miocene) 

In (he context of the foregoiug paragraphs, it appears essential 
to refer to certain extinct apes fnwi Africa, so as to give a panora¬ 
mic view of Primate evolutioo. For it is from these apes that 
the modem forms are descended, and in them lie buried some¬ 
where the roots of our own ancestry. 
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The line commences with Parapithecus (Fig, 92a), a very small 
and somewhat generalised form from the Oligocenc of Egypt. 
Though remote in time, it had developed the full comple¬ 
ment of teeth as in apes, but still retained some characteristics 



Fig. 92. LowsrMwicfexiinci Afrk&n apc«4n4ofth0gibbec. 

d, Paraj>itwus: fropllMU/t4au\c,. Plfopliheeut aod d, modm dbbon for 
eomp*nion with tbe fossu jaws. PoMplifuicus a th« most primitm knows 
isthropoid apo and ii also geolo^caJly the oktest (Oligoeeoe). It U ihut aboA 
40 oiillioa yearr old. 


of its Tarsioid ancestry, which indicates that it might be oa 
the direct line of descent of the super-family Hominoidea, which 
includes man (see p. 193). 

Another ape from the Oligocene of Egypt is Proplhpilkecus 
(Fig. 92b). It was larger in size than ParapHhecus and was pro¬ 
gressively more evolved than the former, coming, therefore, 
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Still nearer the modern anthropoid apes. Yet another type was 
Phopitkecus (Fig. 92c) which resembled the present-day gibbon 
in many respects (Fig. 92d). Thus the Tarsioids appear to 
have given rise dirccUy to the anthropoid apes. This is a point 
of great significance, for it implies that the apes did not pass 
through a stage resembling the monkeys, which thus constitute 
a side-line in Primate evolution. 



Fig. 93. Lowtrjtw ofFwwA/', a conip«ralively Miecane inihropoid 
of Afhca. (After Le Otm Clerk) 

During the Miocene, several types of anthropoid apes were 
evolved in Central Africa, a terrain which was admirably suited 
for such evolution. We shall mention here only one of these, 
namely, Proconsul (Fig. 93), which may have given rise to the 
chimpanzee and gorilla in progressive and successive stages. 
This ape as well as other Miocene ones were, in spite of their 
size, of lighter build than the modem apes and they were com¬ 
paratively well suited to living on the groimd. Moreover, they 
possessed teeth of a generalised pattern such as might approxi¬ 
mate to that of OUT ancestral forms, and their canines were small. 
Another important point in which Proconsul and other Miocene 
apes resemble man is the absence of a bony plate or shelf 
across the base of the jaw, the so-called ^simian shelf', which is 
present in the modem apes in the region of the chin. 

From the foregoing account it is. in any case, certain that in 
Miocene times—long prior to the Great Ice Age—some of the 
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lar^ ape-like creaCum had already begun to acquire human 
characteristics in many parts of the world. 

(It. THB FOSSIL StJft-MBN OF AFRICA 
TRB AUSTRALORTTHBOKAe 

One of the most interesting of the recent discoveries is the fossil 
remains of extinct man-Uke beings found in Southern Africa. These 
show striking affioitiee with each other and have therefore all 
been assigned to the sub-family Australopithednae, recognised in 
1939. Their main interest ties in the fact that their limbs were 
straight and definitely of the human type, even though their 
brains were, on the whole, re^ativdy primitive as in the apes. 
Indeed, the position is (hat most authorities accept their sub¬ 
human status. Whilst some are inclined to regard (he Australo- 
pithecinae as a specialised ofT-shoot of the ape stem, others 
regard them as directly ancestral to man. 

The main reasons which favour thdr being classed in 
the hurr^an family are that, even thou^ their braJru were no 
larger than those of the gorilla, their premolars possessed many 
human characteristics, while the indsors and canines were com¬ 
paratively small, as in man. Moreover, the converging, instead of 
parallel, rows of teeth as well as (he mode of development and 
attrition of the successive molars was also after the human 
pattern. This will be referred to in deuil under a description 
of Poranihrepus, one of the three members of the Austral opithe- 
dnae. Equally significant were the brow-ridges which lacked 
the bony sbdf found in the apes and. therefore, in spite of their 
somewhat massive build, resembled the human type. The leg 
bones and the pelvis, which had a broad blade, also resembled 
those of man (Fig. ^). Finally, the insertion of the skull into 
the vertebral column or spine indicates an erect posture as in 
man, far removed from that of the apes. 

The main question that arises is. whether the small brain 
and the skull-bone which is thicker than in man, out'^i^ the 
human characteristics in favour of closer affinity with the apes. 

The three best-known memben of the Australopithednae are 
I. Australopithecus ttfrieanus 
it. PUsianth/opus rrensvaalensis 
Ui Paranthropus 

A brief account of each of these forms will now be given. 
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Australopithecus afrkonus 

The first member of this sub-family that we introduce to 
the reader is AusiralopUhecus, with whom comparatively few 
of us are familiar {Pig. 94). As the name indicates, Australopi¬ 
thecus (Latin, australis • south¬ 
ern, and Greek, pithocos ■ ape, 
i.e. southern ape) was first re¬ 
garded as an ape, even if highly 
evolved and possessing striking 
human characteristics. 

Remains of Australopithecus 
were first discovered in 1925 
near Taungs, Bechuanaland, 
South Africa, and consisted of 
a small skull, obviously that of 
an immature individual, probably 
not more than three years of 
age. The skull lay buried in 
limestone that was being quar¬ 
ried, and was entrusted by the 
quarry manager to Professor 
R. Dart for investigation. 

So far as the Taungs find is 
concerned, the subdued brow- 
ridges, the shape and compara¬ 
tive refinement of the jaw and 
of the face give definite evidence of stages leading from ape to 
mao. Exact measurements of the brain of the adult cannot obvi¬ 
ously be estimated with certainty, but judging by the size of 
tbe young skull, the brain of Australopithecus must have been 
larger (in proportion to the size of the individual) than that of a 
gorilla (the largest living anthropoid ape) and, though smaller than 
that of man, its frontal region was comparatively well developed. 
As tbe reader knows, a broad forehead like that of Australo¬ 
pithecus is in itself an important human character and implies 
intelligence, fn short, the entire aspect of the face taken as a 
whole is distinctly more human than anything known among 
tbe living or extinct apes. 

Other int^esting human characteristics are developed in tbe ' 
molar and pre-molar teeth of Australopithecus. Indeed these 



Pig. 94. Auumlcptthecys Irocn AlYka: 
resterttion of bold. This tub- 
man junch on the border lim 
between imn ind IM hishir ipee 
end merlu the neireet epprouh 
to the to-ctl(ed "msulni link”. 
(AHer t drewlni bypcnelm under 
ihe direction or Blliot Smith). 




FOSSIL MAN AND Ht$ NBAR RELATIVES 


215 


humaa traits are so well marked that, had the teeth been found 
apart from the skull> they would have been mistaken for those 
of man. These characteristics combined with the human type 
of pelvis as seen in a very near relative, Plesiantkropus (Fig. 96), 
give a unique status to this form. 

The exact period when Australopithecus lived is unknown but 
it was more probably during the Pliocene period of the Tertiary 
era than the Pleistocene to which it had at hrsc been assigned. 
All the available information leads one to the conclusion that 
It lived in the open country, not in forests. This probably explains 
its large brain and tendency towards man-like characters, for 
it is agreed that one of the factors which led to the developmeni 
of the brain in man was that he took to the open country, where 
fending for himself needed much greater ingenuity than in the 
forest. 


PUslartthropus trartsvaalensis or the Sterkfonteln suh»mati 

We shall now deal with other fossil types that seem to have 
attained the human form in the same measure as Australopithecus 
though, as we have said 
before, doubt still remains in 
regard to their rightful status. 

An interesting discovery is the 
Sterkfontein sub-man from 
Transvaal, South Africa, to 
whom the scientific name 
Pleslanthropus iransvaalensis 
{ Fig. 95) has been given 
by his discoverer, Broom. 

Others consider that Plesia/h 
ihropus and Australopithecus 
belong to one and the same 
genus. In any case the two 
are very closely related. 

The Sterkfontein creature was of small stature, smaller than 
any of the living human races including the Australian aboriginals 
* and African pygmies. While its brain was smaller than that of 
man, it was larger than that of the living apes. A point of 



7^$. 95. Pleji^ikropus trofViiaeUrtsiJi - 
raicration head ; one of the 
earlieet known {Pliocene) sub* 
humaM from Afrka. (AfUr Broom). 
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much significance is that the teeth of this sub-man were definitely 
human In pattern. 

Besides other parts of the skeleton, the bony frame known 
as the pelvis, which in the female supports the unborn child, 
gives a sure indication whether an animal walks erect or on all 
fours. Now, along with the skull and other bones was found 
a pelvis whose structure leaves scarcely any doubt that Plesian- 




Pig., 96. ComMrulve siudtei of tbc pelvis in thdehimpmute, the AustnloDhhedaie 
end modiffi min. 

e. chimpnnm; b, Fltflonfhropus; c, modem man. Note lhat Uie Auein* 
lopatMM pelvii a very elmiUr » ihtt of oodBrn men but diffen 
remarkibly from thii of the cblmpan^. (After L« Oroi Clirk) 

throjfus could walk erect. The fossil pelvis (Fig. 966) resembles 
that of man (Fig, 96f). the upper part (or ilium) being 
very broad unlike in the apes, in whom this part is narrow and 
much longer (Fig. 96n). 

The humerus and ulna, the two major bones of the upper limb 
are typically human while the shouJdoblade resembles that of 
the anthropoid apes. Although the separate portions of the skull 
mentioned above were found embedded in different parts of the 
rock, there seems little doubt that they ail belong to the same 
individual, or at any rate to the same species. 

The presence of numerous bones of fast-moving animals in 
the same cave where the Slerkfontein sub-man was found seems 
to suggest that this creature hunted animals. It is therefore 
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further presum^ Chat the sub-man may have been familiar with 
stone implements. ^ 

Paranthropus 

The most striking characteristic of Paranthropus is the size of 
the brain, which was 650 c.c. in volume and was larger by about 
50 c,c. than that of Australopithecus. However, ii may be pointed 
out that this estimate is based upon an incompletely preserved 
skull. The main reason which justifies this estimate is that ‘‘the 
side wall of the cranium rises almost vertically for almost 41 mm. 
above the temporal bones/* which naturally implies a larger 
brain capacity than if the sides were sloping, 

Another Important point in favour of its human, rather thao 
ape, affinity is (he Parathropus particularly in respect of the 
different degrees to which the first, second and third molars 
have been worn down by use. This is due to the difference io 
the time-intervals between the eruption of the different molars, 
these intervals being longer in man than in the apes. Mow io the 
case of some of the modern apes, the interval in eruption between 
the first and second molars and between the second end third 
molars in 3^ years. In man this interval is almost doubled, being 
61 years. This means (hat the human molars suffer a far longer 
period of wear than do the corresponding molars of (he apes. 
An examination of the Paronthropus jaw shows that the first 
molar has been worn almost flat, while the second had suffered 
much less wear, and the third hardly any at all. Thus io Par an- 
ihropus the degree of wear undergone by the molars points to 
a much longer period during which the molars were In use 
than in the apes. In other words Poranthropus is more closely 
related to man than to the apes, hence the claim of the Australo- 
pithecioae to the status of sub-men—a claim which also appears 
to be supported by other evidence. 

TV. RACES OF FOSSIL MAN! THE APE-MEN OF MVA 

Pithecanthropus erectus or the Java ape-man 

One of the earhest known beings who may be said to possess 
definite attributes of man is Pithecanthropus erectus. He lived 
during the early Pleistocene times, about half a million years 
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ago. However, the earliest representative of the Java ape-man 
is a fowil child, an account of which will be given presently, 
The classical ape-man of Java is given pride of place here 
because he is so far the best known of his line. To this fossil 
man the very appropriate name, Pithecanihropus erectus {Greek 
pithecos * ape; anxhropos « man, i.e. ape-man) has been given 
because of this ability to stand erect—a quality which at the 
time of the discovery of Pithecanthropus, was rather unexpected 
in primitive man in view of bis immediate origin from ape-like 
ancestors. It is of interest to record that among the higher living 
apes, the nearest approach to this (erect) attitude is assumed by 
the gibbons found in parts of South-East Asia and in Malaya, 
and the gibbon affinity of Pithecanthropus has Indeed been 
claimed repeatedly. But since the discovery of the Austral©- 
pithecinee of South Africa, we know that erect posture preceded 
the enlargement of the brain. The opinion is even held by some 
that erect posture had io bt developed first, before the great 
development of the brain became possible. 

There is an interesting episode connected with the naming of 
the Java ape-man to which attention bas been drawn by Wilder 
and which bears repetition here. The celebrated German zoolo¬ 
gist Haeckel and the artist Gabriel Max, himself an anatomist 
were great friends, and it Is said that Haeckel had sometimee! 
in conversation, depicted to bis artist friend the cbaracicristics 
of what he thought to be ihe missing link between man and ape. 
Haeckel even gave to this imaginary being the name Pithe¬ 
canthropus (ape-man) and by virtue (as Haeckel believed) of 
his incapacity for speech assigned to him the specific Greek term 
alalus (lacking sp^), the AiU name being Pithecoftthropus 
aialus or the ape-man that was unable to speak. On one of his 
birthdays, Haeckel was presented by Gabriel Max with a painting 
depicting a Pithecanthropus family—man, woman and infant— 
(hithfully reproducing the hypothetical characters conceived 
by Haeckel and translating his speculation into tangible 
shape. Now, by the remotest chance, in the very same year, 
the actual remains of an ape-man were found in Java and his 
discoverer, looking for a name, hit upon the one proposed by 
Haeckel for his imaginary ape-man, but being uncertain about 
the ape-man’s capacity for speech, named him erect us (capable 
of standing erect) in place of alalus. 
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Tlius it was that the vision of a great scientist and the inspiration 
of an equally great artist were wedded together. Thus it was 
that science came by the name Pithecanthropus erectus, or the 
ape-man that stood erect. A similar prophetic vision is recalled 
to mind in the Plant Kingdom, when the celebrated botanist 
Saporta gave the name prO'Anglosperms (meaning forerunners 
of the Flowering Plants) to a group of plants, that were subse¬ 
quently proven to be in fact their true ancestors ! 

The Discovery 

The fossilised bones of the Java ape-man consisting of a skull¬ 
cap, a femur (thigh bone) and two teeth were found at Trinil 
on the river Solo in the island of Java between 1890 and 1892 by 
Dr. Dubois of Holland. They lay at the foot of the twin volcanoes 
Lawou and Koukousan, named* if tradition were believed, after 
the twins, Lava and Kusha, sons of the divine incarnation Rama. 
This Incidentally emphasizes the close cultural relations that 
existed between Java and India—relics and reminders of a pristine 
era—and well proven from ether evidence. 

This was not a mere chance discovery, for the exploration of 
strata wherein these remains were found was canted out at the 
express instructions of the Dutch Government. A second 
effort to add to the bone remains of the Java ape-man was 
made by a German lady, Fr&u Lenore Selenka, in 1906, 
but though her explorations lasted eighteen months, except 
for a solitary tooth, no counterparts of the ape-man*s bones were 
found. Thirty years later, von Kdnigswald was more fortunate 
for he made some remarkable new finds of Pithecanthropus in 
Java including a juvenile specimen, subsequently named Ffomo 
modjokertensts, which will be dealt with later. 

It does great credit to the western countries that their pro¬ 
fessional men—doctors, clergymen, engineers and even men 
and women engaged in lesser, mundane tasks—have made their 
contributions to scientific exploration and discovery. There 
is a great tradition behind them, one which our own professioDal 
men and others could usefuUy follow. Much remains to be 
done ID India, for though fossil human skeletons are 
known, not a single bone has yet been found which could 
not be ascribed to the modem species of man. In other 
words, in this vast continent no fossil man has so far been 
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discovered possessing really primitive characteristics, and yet 
there is not the shadow of a doubt that primitive man 
exist ID India, as proved by the remains of his handiwork in 
the shape of stone implements, engravings, etc. 

Comparisen with the Apes and Man 

Let us see what the Java ape>man looked like and how he 
compared with the apes on the one hand and man on the other. 




Pig. 97. F«sil rvuiiu iind mtortdon of hthtcortshropus or lh« 

Jm ap^man. 

J RStonlion of head; b, 4kull cap ; c, third upper sokr, showioB 
ii«rgm roou which art eomparatiiv^ elosfr^ei in modem maa; d. stnlahi 
teDur or thlA booe <a» of modern msrn), with a palhological ewdUu 
lexosfojis) in the upper ^n. 


For such comparison a brief description of bia fossil remains is 
essential (Fig. 97). About half a dozen skulls, some of which arc 
more or less complete, are now known- Of the bones found, the 
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skull-cap is, naturally, the most important, for in it was lodged 
the ape-man's little brain. Except for the bregmatic elevation, his 
skull was apparently flattened as in an ape. The ape-man had 
a receding forehead and the frontal region, the hallmark of 
intelligence, was poorly developed. The convolutions of the brain, 
although similar to those of modern man, were much fewer, so 
that the brain surface was correspondingly less in area than in 
man. However, his brain capacity was much larger than that 
of the highest living apes. Thus we find that in regard to the brain 
the Java ape-man occupied a position intermediate between man 
and the higher apes, though in so far as his skull is concerned, 
he was equipped with some strikingly ape-like characters. The 
intermediate position is shown in tabular form below, the 
numerical figures indicating the cubic capacity of the brain 
according to Boule :— 

RBIATIVB BRAIN CAPAClTtlS 
MAN JAVA aFS*MAN APB 

}/)00 cc. <minimum; SSO cc. 600 ce. (oaximuff) 

Tha brain capacity a never leu The brain eapadiy ie never 

thaa JXOO ee. ovae Id the moil more than tiOO cc. even 

primitive racu of modem man. in the most highly evolved 

modero apee. 

But here we must sound a note of warning (which may be a 
source of elation to some)—that it,is not the absolute weight 
of the brain which measures the inteiligence of its owner, but 
the weight relatively to that of the body, and the volume of 
grey matter (aod other matters if any exist), in the brain. L^rge 
heads are not always the wisest, nor big brains the best. 

There are other interesting and noteworthy points about the 
brain of Pithecanthropus^ Firstly, the speech centre, though 
rudimentary, is distinguishable, suggesting that he possess^ 
the power of speech, however feeble. (The speech centre develops 
progressively as we ascend in the scale of human evolution, and 
the capacity for coherent speech increases). Secondly, the left 
side of his brain was somewhat larger than the right side, which 
indicates that the Java ape-man was right handed, like modem 
raan. Right-handedness is thus a very ancient trait of man. 

Wo shall now sec what story the ape-man’s other remains have 
to teU. 
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Strangely enough, of the many bones in the human body, 
the teeth are of prime importance in establishing relationships 
between different species. When you next have toothache and 
visit a dentist of the puh-at-hrst-sight variety, you will have a 
good opportunity to compare your teeth with those of fiZ/hecan- 
thropuf and the apes, You will then observe that the ape*man’s 
molars are larger than yours and possess widely divergent roots, 
as in the apes (Fig. 97 c). But they are broader than they are 
long, the reverse of what we find fn the apes, in which respect 
they are human in type. In other words, the Pithecanthropus 
molars exhibit some human and some ape characters, a statement 
which is equally true in regard to his skull and brain. 

The most astonishing feature about Pifkecamhropus, is his 
straight thigh-bone (Fig. 97 d), which is scarcely distinguishable 
from that of modern man. This implies erect posture, which is 
surprising when one considers that Pithecanthropus is one of the 
earliest of fossil men and would therefore be expected to have 
retained the bent posture of his immediate ancestors. Strangely 
enough, this characteristic is actually found in a succeeding 
race—the Meanderthalers. But as we explained earlier, evolution 
leaves an unequal impress upon different organic beings, resulting 
in unexpected combinations. Careful examination of the leg and 
other bones by experts appears to suggest that, though he stood 
erect, the ape-man could climb trees much more readily than 
modern man. Another point of minor interest (not being a 
doctor, one can divulge it) Is that this ape-man suffered from an 
exostosis or a pathological swelling of the thigh-bone which 
undoubtedly gave him a good deal of pain. (Fig. 97</). 

There is evidence to show that the Java ape-man knew the 
use of stone tools. These were, however, of exceedingly crude 
manufacture. 

Now the important question arises, what U the exact rela¬ 
tionship between modem man, Pithecanthropus erectus and the 
apes ? Three possibilities arc suggested by different scientists: ' 

that the ape-man stands on the direct line of descent of modem 
man as appears from the genealogical tree in Fig. 98 o; or that 
be is a side branch of the main human stem as shown in 
Fig. 98 h; or finally that he is no more than a highly evolvfed 
ape (Fig. 98 c), like the modern chimpanzee, orang-utan or gibbon. J 
These are questions that cannot be satisfactorily answered at 
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this Stage, but if one were to hazard an opinion, the Java ape- 
man appears to Ue on the direct line of descent of modern man to 
whom he gave rise after^passing through a Neanderthaloid stage. 







Fl|. 96. This Hlu^ntet (he aenenteglcAl potilJon otPl/htctiKthivptts or Jsvs sp^nun. 
Accordinito a, PltkfctutthroflNs ]l» on (he dir«c( line of descent of modern 
man ; ^ euiseets his origin as a side^braneh of (he main human stem ; c, 
«how& ihac he U only a stdohrameh of the ape^tem l.e, one of (he anihrO' 
poid apM. (Adapted from Bou1e). 


The Geological Age of the Java Ape-man; 

Geography of the Period 

Geological as we have stated earlier* cannot be determined 
with mathematical exactitude, but in the opinion of many geolo¬ 
gists, the Java ape*man dates back something like 500,000 
years. This takes us to the early part of the Great Ice Age—the 
Pleistocene period of geological history, while others assign him 
to the Second glacial (Middle Pleistocene). The earlier age of 
the Java ape-man is, however, now generally accepted. The 
original find of the Java ape-man is not the earliest known among 
fossil men. This distinction is now given to a fossil childU skull 
of about six years of age to whom the name Homo modjokertensls 
is given (see p. 226). He also belongs to the Pithecanthropus 
race in the wider sense. Some even assign him to that genus. 

Of equal interest are the plant and animal fossQ remains 
found along with Pithecanthropus, as they not only afford evidence 
of age but also of the physical conditions prevalent contempora¬ 
neously with him. They indicate, for example, that at least 
during a part of the period when the ape-man lived, the climate 
of Java was wet, the rainfall higher and the temperature lower 
by five or six degrees than at the present day, and that the region 
was covered by a thick forest growth. He was, therefore, a'forest- 
dweller, Some of these contemporary remains, as for example,- 
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of the extinct elephant Stegodon, show relationship with those 
of the late Tertiary and Lower Pleistocene of India (Assam) and 
China which suggests that a land-bridge over which the ape-man 
trod extended from the island of Java to the Asian mainland. 
This land-bridge is now submerged under the Java sea. The 
island of Java was still connected to the mainland in Middle 
Pleistocene times by a narrow strip of land and finally became 
separated as a distinct entity in late Upper Pleistocene times 
owing to continued upliA, 


Java Ape*man helps in detecting the Causes of Crime: 

Landru and his Fair ViciiMS 

At this stage> we propose to enter into a digression and consider 
certain aspects of the subject which not only throw valuable light 
on organic evolution, but from which legislatorSi law-makers, 
medical men. teachers and parents can learn much to under¬ 
stand their fellow beings and their actions* and thus help to 
ameliorate the lot of the human race. 

Many of you (the fair sex, we hope, in particular) must have 
heard of the French arch-criminal Landru, an outwardly most 
amiable and refined gentlemen who decoyed women with bis 
charming manners and confessions of love, and finally murdered 
them in cold blood. And. as if to compensate them for the incon¬ 
venience caused, he later consumed them in a warm fire* lit in 
a stove. Now you will surely enquire, What ba$ any criminal 
and his winsome female victims to do with the problem of man's 
evolution ? Let us explain. Monsieur Landru was ultimately dis¬ 
covered and apprehended by the police, and when his remarkable 
criminal career became known, he was very wisely subjected to 
a thorou^ examination by medical and mental experts. And it 
was found that in his venerable skuU there was an elevation 
(appearing, of course, as a depression on the inside of the skull) 
such as is found in a subdued form in the ape-man of Java, 
and which anthropologists call the Bregmatic Cistern. Now 
this elevation which is a sign of the primitive and which man 
has since nearly lost in the course of evolution, may occasio- 
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nally be developed in a pronounced degree even in modern 

man. Such wa£ the case with Landru(Fig. 99), and it was these 

primitive traits that may have 

been responsible for his anti-social 

instincts and murderous proclivi- f ^ 

ties, for it meant that by a pro- i \ 

cess of reversion (evolution In Xt 

reverse gear) which sometimes 

takes place, Nature had saddled 

him with a brain that was primi- ^ i' 

live in certain features. No \jy/ 

wonder then that he was well j ' 

gifted with bestial instincts. It ^ / c 

was a relic of man's past, aherit- ^ 

age from his ape-like ancestors. pig. 99 . Porcrair of Undru, 

But in fairness to Mon. Landru shewing an ibnoraally dave- 
it must be said that if he posses- . i*wn. 

spd such a brain, was it his fault 7 Some might say no. Tt was, 
as we have said before, a legacy, an inheritance from the past, 
and the man who possessed it could no more help, or be respon¬ 
sible for, his criminal nature than an infant could help sucking 
its mother’s breasts when hungry. It would indeed be strange, 
with our ancestry of protozoa, coelenterates, lancelets, 'sea 
potatoes', fishes, amphibia, reptiles and ape-like creatures, if it 
were otherwise. Thir$fore, the criminal should be treated in the 
light of his biological past, and not entirely in the light of his 
present environment. 

Wbat a man achieves mentally and morally during his life¬ 
time is partly (perhaps mostly) the result of the qualitiea he has 
inherited and partly the result of environment and upbringing. 
But even if you can never obliterate the fundamental, the basic 
characters t^t he has inherited, these are always amenable to 
treatment and it may even be possible to suppress them. There¬ 
fore, it seems to stand to reason that much responsibility attaches 
not only.to parents but also to law makers and educadoaists 
who, instead of attacking the causes of crime, some of which are 
purely biological, merely punish the criminal after the crime has 
been committed. There can be no doubt that the problem has 
to be approached from the cvolutiouary and biological stand- 
*3 
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{k>inti it may thus be reasonably claimed that even the study 
of fossils and anatomy may contribute much towards improving 
the lot of the human race. 


fi<»no modjokertatsis 

According to recent discoveries the fossilised skuti of a child 
found near the village of Modjokerto in Java by the Javanese 
collector Andcjo. and later reported upon by Duyfjes and Von 
KdoigswaJd represents the earliest known fossil man from Asia, 
indeed from any part of the wotid. He is believed to have lived 
during the First Inte^lacial period, the comparatively warm 
interlude following the First Glacial episode of the Ice Age, 
which gives him a higher antiquity (about 600,000 years) than 
that of the famous Java ape-man. 

The child was probably about six years of age, and possessed 
a smaller brain than that of a modem child of (he same age. The 
forehead was low and receding and the brow-ridges heavy, both 
suggestive of the Java ape-man. Therefore, the child probably 
belonged to the Pithecanthropus race and may have been a fore¬ 
runner of the Java ape-man himself. These views are now accepted 
by modem authorities. 


Pitheconthropus ro^ru; 

We have just referred to the recent discovery of fossil remains 
which probably represent a close relative and ancestor of the well 
known Java ape-man. An even more recent discovery is 
yet another species of Pitheamthropus, found as recently as 
1939 by von Kdnigswald in Cent^ Java, Irom the same 
locaKty as the giant ap^man, Me%anthropus, to be presently 
described. As we have already dealt io detail with the classic 
Java ape-man we need not say much about the* new find 
except that the skull was vertically depressed. For the 
rest, the reader is referred to the restoration of the skull 
( Fig. lOOn). We may, however, bring (o the reader’s notice ‘ 
one other point of interest—(hat the skull of this individiad • 
(Fig. 1006) wu almost double the thickness of the skull of 
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present-day man (Fig. 100 c\ (hick skull-bones being a primitive 
character. The (hick skull gives him the name r{>bus/uf. 



Pig. 100. fliftenm/kfufiMi rvims/Hs, a near rebiiw of ap«<iun. 

A fkull In proAle; b, «ho«i9 Itt itnckiMM tAiidb k far giMter ihar that of tbe 
modem Iwman Uttill, f : <Pram '‘Ufe’*, Oetoiiar 1946) 


Meganthropux, the GioM FossU Man of Java 

Another recently discovered fossil man has been named Megan^ 
I hr opus (Greek megas * large, anthropos •* man» that is, a 
giant man). His remains were also found by von Kdnigswald 
in 1941 in ancient lake deposits in Central Java, near those of 
Pithecanthropus robustus. 



jKvhcoe ibne auadtfd (From 

Unfortunately, Meganthropus is koown only from a portion 
of the jaw and three leeth stUJ attached to it (Fig. lOId). Nothing 


\ 
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is known of the other parts of the body, but judging by the large 
jaw'bone, he roust have been of unprecedented size, and modem 
roan would look a pygmy beside him. 

Homo soloensis or Solo Man 

Between 1932 and 1937 several skulls belonging to an extinct 
human race were discovered by Oppenoorth near Ngandong, 
not far from Trinil, well-known site of the Java ape-man, This 
fossil man has received the name Homo solocnsis. He was more 
advanced than the Java ape-man in possessing Neanderthaloid 
characteristics for which reason he is sometimes described as 
Homo neanderthaiensts soloensts. However, according to Oppen- 
oorlh, Homo sohensts differed culturally from the Neander- 
thalers in that be knew the manufacture of bone and horn tools, 
whereas the Ncanderlhalers used only stone artefacts. That he 
represents a higher stage of humanity than Plthtcanihropvs 
follows ipso facto, for a$ we have already seen, the use of such 
artefacts came much later than PUheconikYopus and Slnanthro- 
pus or even the more advanced Neanderthal man about whom 
the reader will learu presently. 

The associated fauna and other geological evidence suggests 
that Homo soloensis lived during the Third Interglacial period. 
During this period, the Sundaland was brought into existence 
by a lowering of the ocean level, as a result of which, a temporary 
land-connection was established between Java and the Asian 
continent across which Homo soloensis roust have migrated to 
the island. 


Homo wodjakensis or Wa4iak man ; 

Tht Modern Negrito Races 

In order to complete the picture of the succession of races 
of fossil man in South-East Asia, we shall refer here briefly to 
Homo sapiens wadjaker^is even though this makes a departure 
from the scheme adopted in this book, since we have dealt with 
fossil Homo sapiens in a separate section. 

Fossil remains of Homo wadjaker;sis were found in Java in 
1889-90 by Dubois, though they were made known to the world 
about three decades later. This fossil man was far more evolved 
than Homo soloensis and is, in fact, included in the modem 
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human species. Some authorities, notably among them Keith, 
regard this human type as related to the Australian aborigines, 
if not directly ancestral to them. In fact it is believed (hat the 
various fossil men—//omo modjokeriensls, Pith€canihropus 
erectusy Homo solo^nsis and Homo wadjakensis —found in Java 
in successively younger formations, represent an ascending series 
in the scale of human evolution along a common line of descent, 
culminating in the modern Negrito. 

Homo wadjaktnsis lived probably during the Fourth Glacial 
epoch and may have entered Java during the period of low 
sca*level which occurred during this time and which once again 
brought about land-connection between the island and the main 
continent. The ancestors of the modern Negrito races probably 
migrated to these islands near about the close of the Pleistocene 
period. This event was followed soon after by their migration 
further east as far as Australia. 


V. FOSSIL MAK IK CHINA . . 

Sinanthropus psklnensls or Peking Man 

The skeletal remains of the Peking man, consisting of two 
isolated teeth, were hrst discovered by Zdansky in 1926 at Chou- 
koutien, about 26 miles to the south-west of Peking. In the 
wake of this discovery another tooth was found. To the owner 
of these teeth, Davidson Black gave in 1927 the name Sinanthro* 
pus pekinensls or Peking man. Three years later, a more or less 
complete skull was discovered by the Chinese palaeontologist 
W. C. Pei. In course of time, remains of over 40 individuals of 
both sexes and of varying ages were discovered, so that our 
knowledge of the Peking man is t)OW based upon more material 
chan in the case of almost any extinct human race. There is 
no doubt that Choukoutien was a large settlement of the Peking 
man, for apart from their prolific occurrence, the fossil remains 
are found associated with numerous kitchen hearths. 

The Peking man represents a very primitive type of humanity, 
He was, at any rate, not more advanced than Pithecanthropus. 
Indeed most authorities now consider that racially he belongs 
to the Pilliccanthropoid group, and many would even place him 
in the genus Pithecanthropids. In common with the Java ape-man, 
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he possessed a low> receding forehead, thick brow>ridges and 
powerful neck-musejes {Fig, 102). 

Stone impl^ents occur along with the bone remains of Peking 
man. A point of particular interest is that these implements are 


Pl|. 102, Reiteration of the bead of Pekloe raani Slnoftt/ir^us /nklw/tsls. Peking 
mao and ^ava ap^mao are considered oy some to represe&t geographical recce 
of but one and the same species under Flthieanthropus. (Aner wiedenrelch) 

somewhat different from the u$ual Palaeolithic implements of 
the same age found in Europe or even in India, parti)' because 
the raw material from which they were made was different and 
of very poor quality. 

Peking man lived during the First interglacial period. The 
presence of the kitchen hearths referred to above indicates that 
even at this early date, man knew the use of lire, It will 
be noted that the Peking man was a part contemporary of the 
Java ape*nuui. 


VT, FOSSIL MAN IN EUROPE 


The Swattgeombe Skull 

We shall now give an account of a very important fossil skull 
dscovered in 1935 at Swanscombe in Kent, England. The skull- 
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bones were recovered from the Barnfidd pit excavated in a 
100 ft. high river terrace of the Thames. The importance of this 
unique discovery lies not only in the fact that the locality and 
its age are definitely known, but also that the bones were asso¬ 
ciated with stone implements of undoubted Acheulian age. If 


Pis 10). Swuucombo ikuM anti e^)OCiai«d alone impleniencs. 

tf. naiontion of ikull: b, ^rtion of the «kull*booe »howing kt» «xoeee3ve 
takkOM' various lypM of sio&e implement fouAd v.i(h ihe SwaawoiiiM 
(a. after Howeib; b^, after Swanscorobe Committee report.) 

you refer to page 125, you will see that this subdivision of the 
PaUeolithic is a relatively earl/one, so that these relics are 
of great antiquity, dating bade to the Second or Great Inter- 
gUbOial period. implies that Swanscombe man would have 
lived about 250,000 years ago. 

llaforrunately, the few bones .found do not give us a correct 
idea of the entire skuU since only fragments of its back portion 
are preserved. Such observations as we can make seem to uidi« 
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cate that the owner of the skull was probably a woman of about 
twenty-five or slightly younger and possessed characteristics not 
different from those of Homo sapiens. Her brain capacity was 
about 1325 cc. which would do credit to some of the primitive 
living races and which approximates to the average brain capacity 
of modern man, The one difficulty here is that so far no remains of 
Homo sapiens have been found with certainty in rocks of such 
high antiquity. Moreover, certain parts of vital importance are 
missing (Fig. 103(7). and it would not be altogether surprising 
if the skull turns out to be that of a human type not quite identical 
with Homo sapiens, considering more particularly the great 
antiquity of the remains. The excessive thickness of the skull- 
bone (Fig. 103h) as compared with that of modern man lends 
further support to this view. But when we attempt to trace her 
affinities, it is found that the Swanscombe lady almost certainly 
did not belong to any of the known primitive fossil types, such 
as are represented in the Java ape-man, the Peking man or even 
the Neanderthal man (see p. 237), 

The mammalian remains found with the Swanscombe skull 
consist of the elephant, Eiephas antiquus. Bos and rhino¬ 
ceros, whiph proves that this region of England (then probably 
joined to the mainland) was a woodland during those days, 
and that its climate was warmer than it is today, 

The stone implenftnts used by the Palaeolithic men of Ssslins- 
combe were of the primitive type, consisting of flint cores and 
Acheufian hand-axes (Fig. 103e). There are also many 
Clactoniao flakes in the deposit from which the human remains 
were recovered (Fig. 103c). 

Eoanthropus dowsoni or the Pill down man 

We cannot better introduce the Piltdown man to the reader 
than by telling a story. In a certain town there lived a man who 
was habitually shabbily dressed, not at, all in keeping with his 
high position, and was, indeed, well known to all and sundry 
for this trait of bis. One evening, after a few days* absence from 
town, he turned up at the club in a smart suit of clothes, where¬ 
upon his friends collected around him, and anxiously enquired 
if he had picked up the wrong luggage in the train. The Piltdown 
man, as the reader will presently see, has something in common 
the aforementioned gentleman. 
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As the name indicates, the skeletal remains of the Pilidown 
man Were found at Piltdown in Sussex, England, This fossil 
man is known from portions of a skull, a fairly well-preserved 
jaw and teeth, found in 1911, The skull and the jaw were, how¬ 
ever, found some distance apart even though in the same gravel- 
bed. Since they both occurred in gravels and are slightly water- 
worn, it is more than likely that they may have travelled some 
distance along an ancient water-course. 



Pig. 104. PiUdown inan and hb slcnt looli. 

tf, tNv9 vbwt ef an impleivent found ouocjated with Um foull remaJoi. 
b, raiorailon of iha heed; (After Dowton). 


Now, while the skull is distinctly modern and may do credit 
even to a present-day Englishman, the jaw is typically ape-like 
(Fig. 104^}. Thus, some conclude that the ape-like Piltdown jaw 
became associated with the wrong skull during the course of its 
journey down-stream, just as the aforementioned gentleman 
picked up the wrong suit-case on bis trip. Indeed, in the opinion 
of some eminent scientists, 413 quite uncertain whether the two 
bdong to the same individual or even to the same genus^ for the 
uncouth jaw seems to ill befit the refined skull. 

From the same bed wherein the remains of Piltdown man 
were found, were recovered an apparently worked piece of bone 
and some crudely shaped stone implements (Fig. 104 a) which 
cannot be confidently assigned to any one of the Palaeolithic 
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cultures. Indeed in the opinion of the French scientist Breuil, the 
‘shaping’ of the bone is not due to man, but is the result 
of gnawing by a wild animal, probably a beaver, whose remains 
are also found at (he site; 

A characteristic feature of the Piltdown skull is its thickness, 
which is as much as 12 mm., compared to about 7 mm. in the 
Neanderthal man and about 6 mm, in modern man. Other 
features are the high forehead and the absence of well-developed 
brow-tidges which are so characteristic of the primitive races 
already described, but which are barely perceptible in modern 
man. To these characteristics may be added a relatively flat nose. 
According to some, the brain capacity was about only llOOcc., 
which is much less than that of the Neanderthal man (p. 240]. 
But since the restoration of the skull is based only upon frag¬ 
ments, this figure is not accepted by all; indeed according to the 
investigations carried out by Keith, the figure should be as high 
as 1500 cc. which is greater than the average brain of modern 
man I 

The Piltdown jaw and teeth are, however, typically ape-like 
in structure. The canines project well above the level of the 
other teeth, which shows their ape-1 Ike character. The molars 
are, similarly, of simian affinities. 

From the foregoing analysis it would appear best to keep 
an open mind, for the Piltdown Jaw may, after all, turn out to 
be the jaw of one of the apes wHj^h it resembles a great deal. 
Inde^, the American palaeontologist Miller, is definitely of 
the view that the jaw belongs to a chimpanzee, and has even 
named it Pan vetus, Pan being the generic name for the chim¬ 
panzee. Manton is less definite as to the particular affinities 
of the jaw, but he, too, is convinced that it belongs to an 
ape, and not to the human type of skull. 

The age of the Piltdown deposit was long regarded as early 
Pleistocene, on account of some members of the contained fauna. 
But today these fossils are generally regarded as derived^ from as 

1 . During (U coune, a slreem may pass ever, or • 90t b«e( against, anritnl 
gMlogicSI rom^bon from wJiicb foasiJs may be washed out and get intec-mixed 
wtb remarns or contemporary life. When, at a later date, the strata depoaited by 
thestre^ or the sea bacome exposed, they sometimes contain a puslfiaa admixture 
of fossils of more than on© age. 'Hie geologically older lOSsUt in such an 
assembUgeare kr^owd In the present ease, Che associatad fosefls . 

on bwis or which an older «ge was assi^^eo to the Filtdown skull, are eonsi- 
defsd as aavmg been derived from an earlier formation by re-d^tosUioo. 
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earlier deposit. Quite recently, estimates have been made of the 
flourine content of the human fossils and other bones from 
Piltdown. The result suggests that they are of Upper Pleistocene 
age or even younger. In other words, the Piltdown fossils should 
be regarded as unreliable for determination of age and we roust 
await fresh evidence for authentic dating. 


Homn heMbtrgeusis or Heidelberg Man 

Another very interesting type, to which the name Heidelberg 
man has been given, was found at Mauer near Hciddberg, 
Germany, in river sands which belong to the earlier part of 
the Great Ice Age. 


Pis. 105. Jaw of KeldelMrs man, Homo heidtlbtfitnsii. While the jaw le irussrp* 


aa tn the apei, ihe teeth are, on the whole, like those of man. Hole that Uie 
can! nee eie flush with the senerel level of the row of teeth, not risihi above 
It as ia U)e apei. 

This fossil is represented by a single jaw which, however, is 
very well preserved (Fig, 105 ). Like the ape-man of Java, Hei^l- 
berg man shows an admixture of ape and human cbaracteclstics. 
The jaw-bone itself is massive like that of an ape, and lacks a 
chin, a prominent chin bdng characteristic only of modern 
Homo sapiens and his early representatives (Fig. 108). But tbd 
teeth which fit the jaw, ere unmistakably human in typ«- FurUsar- 
more, if you look at the molar* tooth of an anthropoid ape, you 
will ace that its aown is composed of five well-defined promi¬ 
nences or cusps. If, on the other hand, you examine a human 
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molar (except the first molar) you will notice that while four of 
these cusps are fairly prominent, the fifth is usually much sub* 
dued and, in rare cases, may even be absent. It is noteworthy 
that in Heidelberg man also the fifth prominence is much 
reduced—a condition similar to that found in the modern human 
races. Fulhermore (and this is in some respecls as important 
^ the structure of the molar), the canine teeth, which in the apes, 
including the most highly evolved among them, rise above the 
general level of the teeth, are flush with it, as in modern man, 

It may be said that in chose of his characteristics which are 
ape-like, Homo heldelbtrgensls much resembles the living 
gibbon. In view of these differences in structure between 
Heidelberg man and modern man, the distinctive name Pahtoan- 
thropus has been given to him by the Italian scientist Bonarclli. 
On the other hand, anatomists like Weidenrclch, have considered 
(he Heidelberg man as closely related to, though larger in size 
than, Keanderthal man, There Is, in our opinion, no doubt 
about the gap which separates Heidelberg man from modern 
man, and since we have only a jaw-bone for evidence, it is 
desirable, in the interest of caution, to class Heidelberg man 
separately for the present. 

We are uncertain whether the Heidelberg man possessed the 
capacity of speech, but if he did, it must have been very nidi- 
mentary bemuse therejs little space left for the free movement 
of the tongue owing to encroachment by bony tissue, a condition 
found in the apes. ‘ 

The detailed structure of the teeth is sufficiently distinct from 
that of modern man to preclude the possibility of the Heidel¬ 
berg man being his direct progenitor. For, while the teeth of 
modern man are suitable for a mixed flesh and vegetable diet, 
those of the Heidelberg man seem much more adapted to a 
herbivorous diet. Therefore, it would appear that the Heidelberg 
man lies on a side-branch of the line of descent to modern man 
and may be regarded as a divergent specialisation. 

Along with the fossil jaw of the Heidelberg man were remains 
of the Interglacial forest elephant, Ekphas antiquur, of a horse 
intermediate between the Pliocene form, Equus smion'm and the 
modern horse, Equus coballus', of. Ehinoctro^ etruscus and of the 
giant deer and many other species. Remains of a lion were also 
foimd as elsewhere in the L:e Age deposits of Europe. This is 
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noteworthy, since no lions are found anywhere in Europe today. 
The evidence of the associated fossils indicates that the Heidelberg 
man lived during the earlier part of the Great Ice Age, probably 
in a mild phase close to the Mindel or Second Glaciation which 
gives him an antiquity of about 450,000 years. 

It should also be mentioned that, though the Heidelberg man 
must have used stone implements, none have been found along 
with his remains. There arc* however, fragments of bone which 
Vbnli'.ker has interpreted as having been shaped and used by man. 


Homo Ufan(ffrthaleiisfs or Neander/haf Man 

It is perhaps not unexpected that during the early and middle 
parts of the Great Ice Age, with which we have so far been mainly 
concerned, human remains should be scarce. This was a time 
when primitive man still lived in forests or in the^open country 
without even a temporary abode. No wonder then that our 
acquaintance with the Heidelberg man, the Java ape>man and his 
earlier relative, Homo modjokertensis (and even the Peking man), 
is based almost entirely* upon incomplete and isolated portions 
of skeletons. Indeed, even at the commencement of the Third 
Interglacial episode when Keanderthal man first appeared, the 
position was still much the same. And it was not till Mousterian 
times that man cook to the caves because of the intense cold of 
the beginning of the Fourth or Last Glaciation. It is then that 
for the first time, we come across skeletons of man in some abun* 
dance. They represent the Neanderthal race, which we shall now 
discuss. 

It is known that the distribution of the Neanderthal race was 
widespread. We need not go into details of e^ch hnd, but some 
of the more important ones may be mentioned, The first conectly 
Interpreted discovery of fossil remains of Neanderthal man, 
a skuU-cap and leg bones, which gave the race its distinctive 
name, was made in 1856 at Neanderthal, between Dtisseldorf 
and Elberfeld, in West Germany. Prior to this, in 1848, a skull¬ 
ed, later assigned to the same race, had been discovert in the 
Forbes quarry at Gibraltar, At that time the full significance 
of the find was not realised, even though a new type of humanity 
had been brought to light However, numerous other discoveries 
of Neanderthal man soon followed in succession, for example 
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at La Nauktte in France (1866), at Spy in the Namur Province 
of Belgium (1866} and at Krapina in Yugoslavia (1899). In 
addition to these, nearly complete skeletons of Neanderthal 
man were found at U Chapelle-aux-Saints (1908), Le Moustier 
(1908), La Ferrassie (1908) and at La Quina (1921), in different 
parts of France, besides two skulls found at Saccopastore in 
Italy (1929). There arc also many other finds. It will thus be 
seen that our knowledge of the Neanderthal race and its wide* 
spread distribution is based upon ample and reliable evidence. 

CharacleHst/cs : The Chi» appears for the First Time 

The skull of Neanderthal man was of the dolichocephalic 
type, that is, rather long in proportion to its width (Fig. 106). 



/f&i Netodcrthal men from Italy, Not# its slonAtod 

chSrtctK and ptomiiwt trfow-ndgw!; Tbs 
individuals po w nsed oiasslve heads and laxae brains in spitft at 
their simian appearance. (After Blanc) ^ 


It was vertically depressed and was characterised by massive, 
bony projections in the region of the orbits (brow-ridges) and a 
low receding forehead. The face exceeded in dimensions the largest 
face known in any human raccy and prelected forward as in the 
apes. Compared to the size of the skull, a large face is a primitive 
cluiacter. In this connection we may draw the reader’s attention 
to Fig. 107 in which (following Boule) the skull of the distin¬ 
guished American naturalist Gop? is superimposed upon that 
of a Neanderthal skull for comparison. It will be seen that while 
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their brains are almost identical in si 2 e, the face of Cope is 
smaller by far. 



Pig. 107. Ouilinfl er the iiVull of the celebrated naturalist Cope (in dotted line) 
luperimpeaad upon that of Neanderthal man* for compaHsoD of ralnUve 
braiu capaclike and size of the face. (After Boule) 

A feature of some importance and interest is the presence of an 
incipient chin in some individuals of Neanderthal mao, our first 
acquaintance with this refined part of anatomy in the history of 
the human race. The chin has been recognised as an attribute 
of Homo sapiens not possessed by any of the fossil races so far 
considered. Its general evolution and more particularly the 
progressive stages of development are represented in Pig. 108. 
It is interesting to note that those very characters, like a prominent 
diin, a high forehead, a thin skull, which are consider^ as attri¬ 
butes of modern man, are less prominent in the apes and in 
primitive fossil man. 

The Neanderthalers possessed large and powerful jaws, into 
which were fitted teeth of correspondingly large size. But in 
pattern and structure their teeth were like ours and not like 
those of the apes, or even of the Java ape-man. However, on 
the whole, they approached nearer to the teeth of the more 
primitive modem human races, Uke the Australian bushman, 
rather than to those of the civilised races. 

The brain of Neanderthal man was surpriain^y large. One 
of the skulls, that from La Chapdle-aux-Saints, possessed a 
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brain capacity of as much as 1600 cc., larger than the average 
brain of the modern civilised races. The average size of the 
brain in the Neanderthal race was, however, no more than 


Piy. 10$. Serlss of lower Jaws 
of various roflil men end of 
the chimpftnzee (in ascend* 
ine order). Illustretiny the 
•million of the chin. 

tf, chimpimee; a, Heide)* 
b«r|jaw wiihout iny eenv 
blenee of chin; c, Neender- 
ihil Jew ihowinf $nt lo* 
PMrine« of chin in men: 
4»inoihir Neendenhet jew 
wiih e slifhUy more proml* 
T>ent chin;«. Nef re jew with 
w*ll*devtlop«d chin thoueh 
not 10 prominent is in ihe 
more edvinced modem rMce. 
for Msmple f, the Atyane. 
(After Boule) 




1400 cc., for individuals with smaller brains measuring only 
1300 CO., are also known. 

While the brain was no doubt large, especially considering 
the genial physical attributes of this man, which were in many 
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ways ape-like (Fig. 109tJ ), 
its detailed structure was 
comparatively simple. The 
frontal part of the brain, 
which is Che intellectual 
region, was but poorly deve¬ 
loped, so that the intelligence 
of Neanderthal man. In spite 
of his large brain, was cer¬ 
tainly inferior to that of 
modern man. 

If we compare the entire 
skeleton of Neanderthal man 
(Fig. 109b) with that of mo¬ 
dern man (Fig. 109c) our 
attention is at once directed to 
a number of striking peculia¬ 
rities. In the l^rst place, this 
fossil man was not much more 
than 5 feet in height, nor did 
be stand erect like modern 
man, but retained a somewhat 
bent posture. This posture 
became further accentuated 
by his much curved thigh 
bones, which were, inciden¬ 
tally, rather long in proportion 
to the total length of the leg 
( Fig. 1096 ). Also, his ribs 
were much stronger than 
those of the living races and 
he must, therefore, have been 
of robust appearance. 


pk, 1D9. Compl«te skelMcos of Keandenhal m&n and modem nwi aodreetontioa 
of (be Neanderthal head. 

^ a, iestoradoo cf head; ^ akeleton of Neanderthal man; <r. skeleton'of 
primitive modem mao (Auslwan) for compadson. and, lit aAer Boule) 
jS 
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Li modem man, the spine forms a graceful double curve, with 
one concasdty in the upper (neck) re^on and another above the 
lower spinal extremity. In the Neanderthal man, on the con¬ 
trary, there seems to be practically a single convex sweep of the 
spine, giving the impression of a hunchback (1096), the two sub¬ 
sidiary curvatures being barely perceptible That the upper pari 
of Ihc body was bent forward is also proved by the insertion of 
the spine at a point more towards the back of the skull, rather 
than at its base as in living man, so that the head protruded 

forwards. , vr j i. i 

A point of great interest is the structure of the Neandertnal 
foot which, in contrast to ours, rested edge-wise on the ground, 
like that of an infant. It is well-known that the apes also do 
not rest their feet flat upon the ground but edge-wise like the 
young of the human species who, moreover, start by walking 
on all fours like the apes, and only gradually assume the erect 
posture. 

Origin, Culture and Antiquity . 

There are divergent views as regards the origin of the Nean¬ 
derthal race. According to some, it represents an independent 
offshoot of the main human stem; according to others, an earlier 
stage—the Heidelberg race—intervened before the true Neender- 
ihalers came into existence. Furthermore, certain authorities 
believe that the Neanderthal race arose from the Pithecanthropus 
(Java ape-man) stock and itself gave rise to Homo sapiens^ the 
species to which we belong. • 

The culture of the Neaoderthalers was of the welUkno^ 
Mousterian type. They made variou? implements including 
points, scrapers and hand-axes. It is, however, possible that 
they bad only spear-heads and axes for defensive weapons, 
which wew scarcely a match for the bows and arrows of the 
Cro-Magnens (see p. 247), who thus easily defeated them in 
combat. The Neandcrthalers were the first in Europe to us© 
bone for making implements, and the first to practise burial. 
They were also practically the first to seek the shelter of caves, 
though many open living-sites also existed. 

It is not unlikely that we have inherited some of our habits 
from the Neanderthal men or from our other primilive ances¬ 
tors. As examples may be dted: the taste for ‘high’ meat (to put 
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it mildly) which some races still cherish; for Insect larvae, ants 
and stale eggs which the Chinese and other mongoloids specialise 
in; for ‘high’ fish (ngape) by which the Burmese swear. 

The Neanderthal race appeared in Third Interglacial stage 
about 150,CNW years ago and survived for about 70,000 years. 

Although the Fourth or Last Glaciation was geographically 
not so widespread, yet it was one of intense cold, as conditions 
similar to those of the Arctic tundra prevailed in Europe. How¬ 
ever. it was certainly not the cold which led to the decline of (he 
Neanderthalers. They were finally ousted from Europe by (he 
more intelligent and more virile Cro-Magnons, who invaded 
Europe from Asia in a mild oscillation of the climate after the 
first phase of the Last Glaciation, between SO,000 and'100,000 
years ago. One human race ousting another is thus not a new 
story. 

Homo rhoiiisifnsfs or Modesfarj man : 

An African Relative of ihs European Neanderthal Race 

Though Rhodesian man is of African origin, we propose to 
deal with him here on account of his apparent close affinity with 



Fl$. UO. SkuU of the Rhodesian man. Homo rhodesieials, aeen in proAle. Note 
the protrineni tTrovt^hda^. 

the European Neanderthalers. The discovery of the Rhodesian 
man is, in some ways, of unique interest as he repres»its, firstly, 
a racial link between Western Europe , and the dark continent 
and, secondly, he is an archaic type who may have survived into 
comparative^ recent times, if certain evidence were believed. 
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The remains of the Rhodesian man were found in 1921 in a 
cave in Northern Rhodesia, where they were unearthed during 
the course of mining opwations in the famous Broken Hill mine. 
Along with the human t»one remains, stone implements similar 
to those used by the modern races native to the soil, and remains 
of ocher recent animals were recovered, none of the bones being 
mineralised in the real sense of the term. 

The human remains are, in some respecu, more rent ark able than 
those of any of the races already dealt with- Tht well-preserved 
skull without the lower jaw arrests attention on account of the 
anomalies it presents. A glance at Fig. 110 immediately suggests 
the primitive race of Homo neanderihalensis. The skull from 
Rhodesia is even more ape-Uke, if anything, in appearance than 
the Neanderthal skulls, Except for a modern type of brain-case, 
he possesses the same well-developed ridges above the eye- 
sockets, the same receding forehead, and even the same human 
type of dentition, as the Neanderthal man. And yet the skull is 
scarcely mineralised, which suggests that this man must have 
become extinct comparatively recently. The Neanderthal man, 
It may be recalled, is ancient, and his remains have always been 
found thoroughly fossilised. Although the quest ion is rather 
speculative, it is not unlikely that this archaic type from Rhodesia 
is a descendant of the Neanderthal race, which persisted in 
Africa, while the Neanderthalers became extinct on the contii)ent 
of Europe. But if the Rhodesian 
man were found alive, be would 
come before us, not crouching 

like the Neanderthal man, but 3P 

standing erect, for the struemre ^ 

of the basal part of bis skull 
strongly indicates that, unlike 

the Neanderthal man, he had a " \ 

straight neck (Fig. Ill), which ^ 

proves that he stood perfectly ^ 

erect. If the Rhodesian man is 

a descendant of the Neanderthal f 

man, the former must have 

acquired the erect posture by p., of th. 

evol udon, head ot Rhodesiaa oiae, 
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Before wc proceed, we might give the views of some noted 
authorities concerning the genealogical position of the Rhodesian 

man. According to Woodward, “The Rhodesian man may. 

revive the idea that Neanderthal man is truly an ancestor of Homo 
sapiens, for Homo rhodosiensU retains an almost Neanderthal 
face in association with a more modern brain-case and an 
up-to-date skeleton. He may prove to be the next grade after 
Neanderthal in the ascending series." On the other hand, Boule 
is inclined to the view that the Rhodesian man, the Neanderthal 
man and the Australian bushman are blood brothers (so to speak) 
who went different ways, one to Africa another to Europe and 
the third to Australia. Where the forefathers of the race originated 
no one knows for certain though it may have been in South- 
East Asia. 

Whatever may be the truth about his relationship and origin, 
there is no doubt that Rhodesian man has been, and still ia, a 
puzzle to scientists. ^ 

Vlt, RACES OF FOSSIL HOMO SaHESS IN EUROPE 
Cro-Magnon Man 

We shall now deal with certain racea of fossil men that do not 
differ ki any essential respect from modem man or Homo sapifns, 
represented today by the various races, including the most highly 
civilised and the most primitive of them, whether Black, White, 
Brown or Yellow. 

We 6nd that, in Europe, the Neanderthal race is followed 
suddenly and abruptly by a much superior race, the Aurignacians, 
(from Aurignac in France), the carriers of the Upper Palaeolithic 
culture: The Aurignacian period of archaeologista marks the 
commencement of the Fourth (and last) Olaciation of the Ice 
Age. Duriog the whole of the AurigoaciaD period, man in 
Burope must have thus faced extreme rigours of climate. . 

The question may now be asked. Where did this race come 
from ? !t is obvious that it could not have arisen all, of a 
sadden, so it must have existed somewhere in earlier rimes. 
And the discoveries, though all too rare, of fossil remains 
in the same localities where the Neanderthal fossils have been 
met with prove the existence, contemporaneously with the un- 
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couth Neanderthal man, of the more advanced Homo sapiens, 
represented by a race to which the name Cro-Magnon has been 
given. This association is not at all surprising for we find today, 
in the atomic age, really primitive races living together with 
the highest representatives of Homo sapiens, though of course, 
the evolutionary gap between Cro-Magnon man and Neanderthal 
man is much greater than that between, say, the Prolo-Dravidian 
and the Indian Aryan or between the Australian aboriginal and 
the European. 

There is evidence to support the view that Homo sapiens, as 
we know him today, has existed since at least the early Upper 
Pleistocene times, if not in Europe, then in other regions, and must 
ipso facto have originated much earlier, though when exactly we 
cannot at present tell. Ti is not unlikely that he was of Asian origin 
and migrated to Europe under circumstances not C|uite known. 
In this context it should be remembered that the Swanscombe 
man, of Middle Pleistocene age, showed many characters of 
Homo sapiens and thus suggested that sapitt\s-Uke men had 
arrived in Europe for the first lime in the Great Interglacial. 
But they were replaced by Neanderthal man subsequently. In 
the Last Glaciation, it had become the latter's turn to be ousted 
by a truly superior race, the Cro-Magnons, who re-entered Europe 
for the secorui time. The presence of Homo sapiens in the Middle 
Pleistocene, would give an antiquity of 250,000 years to ihe^omo 
sapiens stock. And if the evidence of the Kanam jaw from East 
Africa were relied upon, it would take us back to the Lower 
Pleistocene which would mean that the roots of the Noma sapiens 
stock lie buried somewhere in the Pliocene (Tertiary era). 
However doubt stiU remains concerning these discoveriea for 
either their geological age or their systematic position is uncertain 
on account of insufficient organic remains. But it can be stated 
that authentic remains of Homo sapiens date back about 100,000 
years. 

Since the Cro-Magnon man hardly differs from modern man, 
it is scarcely necessary to describe him in detail. However, 
attention may be drawn to certain features which are more or 
less striking. 

Numerous fossils of the Cro-Mapon race have been dis¬ 
covered, including many complete skeletons. The most notable 
of these are a family (we presume it was one) consisting of five 
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individuals—three men, a woman and an unborn child, all from 
the Cro-Magnon rock-shelter. This baby Cro-Magnon still lay 
in the position of its mother’s womb, and thus first saw the light 
of day (in every sense of the term) by the stroke of the geologist’s 
hammer. 



Fif. 111. RMioniion of cho AMd of Cro-mAgnon dui. one of ihe early 
KuUwnUc repreeenltilvec ot Homo tepitns or modern msm. Hla bnUn oapeaty 
was equal lo ibu of modera man and he belonged to e ull nee wtih 
refined feolures. 

The Cro-Magnons were distinguished by their tall stature, 
attaining a height of almost 6 feet. They possessed rather high, 
elongated or dolichocephalic skulls of large brain capacity, mea¬ 
suring 1600 cc., though a broader or sub-brachycephalic {Pred- 
most) type named after that locality is also known. ITierefore they 
must have attained a high degree of intelligence. The rather 
flat face had prominent cheek bones, and was relieved by a fine, 
longish nose that must have contrasted well with the compara¬ 
tively narrow head. On the whole, therefore, this race seems to 
have resembled the modern American Indian a great deal 
(Fig. 112). Cro-Magnon man was a keen hunter and fisherman, 
and lived not only in caves but probably also in huts. He know the 
use of bows and arrows. Cro-Magnon women of 30,000 years or 
so ago must have been as Vain as the modem damsels, for remains 
of necklaces and other ornaments have been found in the caves. 

The Cro-Magnons became the racial substratum in which 
the population of Europe developed in the course of the 
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later Ice Age. Many admixtures occurred, including probably 
some Neanderthal blood. But all these variants were carriers 
of the Upper Palaeolithic culture. 

The Chancelade Man 

An interesting variant of Upper Palaeolithic man has been 
named the Chancelade race. Fossils of this race were first dis¬ 
covered in 1872, at Laugerie-Bass6 in France, by the anlhropo- 



Pit, 113. Skull of Chtncdledo iran,4 lale P«lBeollthlc r^roeentallve of ffem 
(After Toeiui) 

legist Masinat. Another similar discovery was made in 1888 
near Chancelade in the Dorciogne district of Prance, in rocks 
of Magdalenian age, while complete skeletons were found at 
Obercassel near Bonn, in Germany. In addition to the above, 
several other less known discoveries have been * made. 

Men of the Chancelade race were of massive build. Though 
short in stature, attaining a height of just over $ ft., they 
possessed larger bi^s even tlian living Homo sapiens. Their faces 
were on the whole broad and large. They had high foreheads, 
prominent cheek-bones and chins (Fig. 113); tbelr molars 
were, however, of primitive design. In nearly all these characteris¬ 
tics the Chanedade race resembles the modern Eskimos, who 
in view of their close association with the reindeer are 
true reflections of men of the Reindeer, Age. It has even 
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been suggested that the Eskimos are the descendants of the 
Chancelades themselves, but this vi^w is no longer held by experts. 
It is thought that tbe resemblances are not real but probably 
due to convergent evolution under the influence •. of similar 
environments. 


Pig. 114. SkeloiOM of foot of Uw CJiitnMlad« man, tbe chJmpuuo wid 
inodtm man. 

0, ehinptAue; d, Chencelnde mtJ); e, modern man. Noiethu in iho^coimo 

S ince# ibe greet toe is well separated fram the remaining loeii wbil# in Uie 
iitrcelide man It i# iw apart ihou^ mucb moreio iben in modern mao. 
, (After Teeiut; 

The limb-bones of the Chancelades were massive and of negroid 
proportions. Even more noteworthy were the feel, which in some 
respects resembled those of the Neanderthalert. The position 
of the big toe was intermediate between that,obtaining in the 
chimpanzee and in modern man (Fig. 114), so that the Chance- 
lade man could probably climb with alacrity and could also grasp 
branches, etc. with bU feel, without much difficulty. 

_ Opinions thus differ as to the exact 

relationships of the Chancelade man, 
hut there appear to be many points of 
affinity between him and the Oo> 
Magnon and Orimaldi men even 
though there are considerable differ- 


of stature and facial proportions. 

The mode of burial of Upp* Pal¬ 
aeolithic mao is often intriguing. It 
suggests that the corpses ^re pro¬ 
bably tightly folded up and then 
effectively tied so that the legs pressed 


Rf. us. Mod# ofburialado^ 
t#d by thtc# la Nital, South 
Ahi» 4nd by some of tbe 
Uppcf Piheolfth^ Smu 
(Aite< Nebon) 
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closely against the chest, somewhat after the custom of the 
modem Eskimos and South, African races (Fig. 115). The 
bones are accompanied by numerous implements and are often 
found covered with red ochre which suggests that the body, 
or the skeleton stripped of its flesh, received some kind of 
ceremonial treatment before burial. This reminds us of St. 
Protasus and St. Oervaisc who have been mentioned in the 
Introduction. 


The Grimaldi Man; 

Represemaiives of a l^egrold Race in Europe 

A human race of grUt interest is that to which the name 
Grimaldi has been given, so called after the village of that name 
on the borders of France and Italy. The skeletons were found 
in cave deposits. One of these caves wherein the fossils of 
the Grimaldi race occurred is known as the Grotte des Enfants 
or Childrens’ cave, so named because fossils of two children 
were found in them. 

The manner in which the Grimaldi fossils were found is note¬ 
worthy, and had it not been for the fact that their excavation 
was in the hands of an expert, our conclusions regarding their 
age might well have been widely off the mark. There is a total 
thickness of about 30 feet of deposits in the Groxte des Etfants, 
in which remains of two distinct races were found fossilised. 
Though the Grimaldi fossils were found at a depth of about 
25 feet in a layer corresponding to the Mousterian period of the 
Lower Palaeolithic, it fortunately came to light that they were 
actually buried in a man-made pit, so that they properly date 
from a more recent period, the Aurignacian. It was, therefore, 
very fortunate that the fact of the (artificial) burial of these Gri¬ 
maldi men was recognised. Incidentally, this illustrates the impor¬ 
tance of the stricter definition of the term ‘fossil’ on which we 
laid emphasis earlier (p. 36 )- Within the same cave were found 
remains of the Cro-Magnon race, which has already been dealt 
with- 

The Grimaldi skeletons, two in number, were found 
resting in a crouching attitude (Fig. 116). According to a 
French scientist, one of these possesses a worn-out jaw and 
is believed to represent an old woman, and the other a young 



Fig. \\6. Skeleioni (m»l» and rbmala) of the neroid Orim&ldi race, fouad buned 
logger. (After VernMU) 

In faim«8 to the ‘old’ woman fcom Grimaldi it may be slated 
iJaat the age of the lady in question (based upon the worn-out 
condition of her jaw) is in dispute. And as merabets of the fair 
sex are sensitive on this point to the extent that at 18 their age 
often becomes stationary and certainly after twenty-five it be^ns 
to vary in the rcceesive direction {and why not ?), we should like 
to undo an injustice. 
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According to the well-known and gallant British palaeonto¬ 
logist Elliot Smilh, the jaw of the fossil woman rfom Grimaldi 
pyes a misleading idea of her age. The evidence upon which 
this conclusion is based is as follows r the human skull or brain- 
box consists of a number of separate bones, the junction lines 
ol these bones being known as sutures. As the result of examina- 



Fis. 117. Pro^ions otanu end ia the Prinuta. 

the arms are evoti longor (n 
pwporuw to the ]6p or hind-hoibe, tbanln the chimpanzee. (After wSoAr) 

tion of a very large number of skulls, it has been established 
that these sutures remain open (so that the individual bones 
are separate) till about the age of 30 in man and woman, 
w^tever be their race, and join up in later years. Now it is seen 
that m the skull of the woman from the Orotte des Enfanis 
these sutures are still open, which establishes that she was 
young and probably under thirty, 

An interesting point is that in their general appearance and in 
structure of .the skull, legs, arms and even the pelvis of the 
female, the two Grimaldi skeletons show features which appear 
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to be negroid. Attention may be drawn to the fact that a narrow 
skull and flattened face, combined with a massive jaw and a 
comparatively feeble chin, are characteristic of the negroids and 
indicate primitive features. It is perhaps not so commonly known 
that the proportions of the thigh-bone to the leg as a whole and 
of the forearm to the total length of the arm, are somewhat 
dilTerent in negroids from those found in others. The thigh-bone 
in the negroids is disproportionately short when compared to 
the Ieg» and the forearm is much longer than the arm as a whole. 
Such are the proportions met with in the Grimaldi fossils, which 
seem to favour their negroid affinity. Even more striking are of 
course the differences in these proportions in man and the 
anthropoid apes and these are indicated in Fig. 117. 

UPPER PALAEOUrTHIC SCULPTURB AND ART 

The Upper Palaeolithic races of Europe had attained much 
skin and proficiency in sculpture and, of course, also in 
painting. Their art is often of a dynamic and expressive character. 
Among the most remarkable qualities was their ability to draw 
figures of animals and to paint them. They used tools made of 
bone and stone for engraving and scraping, and utilised coloured 
earths for paints. These paints have not faded nfuch during at 
least 25,od) years. 

Although we are familiar with the art of Upper Palaeolithic 
man in Western Europe, (paintings from the French province of 
Dordogne and the caves near Altamirain northern Spain being 
particularly well known) the chance discovery of the cave of 
Lascana, near Montignac in south central France, as recently 
as 1P40, is of the greatest importance. It is of interest to record 
that this was found by schoolboys who were chasing rabbits 
that had made their home in the caves wherein Upper 
Palaeolithic man had lived, and which had since been covered by 
debris. Following the rabbits inside the caves, they found a 
wonderful picture-gallery of Stone Age art, undisturbed through 
the lapse of years. 





CHAPTER XI 


EPILOGUE 

In conclusion we may enquire, What is the verdict of evolution 7 

In the foregoing pages, we have taken patns to impress that 
change is the law of nature, irrespective of whether such change 
implies progress or the reverse, and this inevitable law is applicable 
not only to the organic, but also to the inorganic world. The 
molecule breaks down into atoms, the atom into protons, neu¬ 
trons and electrons, each representing an infiniieaimal unit of 
energy so that, in truth, matter and energy are one and the same 
thing. By a reverse process—that of building up—atoms and 
molecules are reproduced, and, depending upon varying 
conditions, different types of matter come into existence. Carbon 
under certain conditions appears in the form of coal, whilst 
under other conditions it gives rise to diamonds. Even the 
alchemist’s dreams have come true for certain radioactive 
element can be interchanged by nuclear reactions, in short, the 
processes of building up and disintegration are constantly going 
on. These changes, however, are not‘evolution’. In the organic 
world changes also occur. They are in part due to the impact 
of the environment and to competition between individuals 
of the same species, and thus are due to causes acting from 
without; in part, however, they are due to forces working within 
the living organism, such as the urge to perpetuate the race, the 
desire for food. All these are known to produce various changes 
in the structure of the organism which are summed up under 
the term Evolution. It is the verdict of these changes—(he 
verdict of Evolution—with which we are here primarily 
concerned. 

One of the most important facts that has come to our notice, 
and one which we hope our readers fully appreciate, fa that 
many species, genera, families and, indeed, whole groups com¬ 
prising thousands of different types of living beings, have become 
entirely extinct, even though they often made, on the eve of their 
extinction, a glorious but vain attempt to survive, having realised 
too late the error of their ways. (In making this statement, we 
do not, of course, intend to imply any conscious reasoning). 
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Thus perished the Graptolites* towards the close of the Silurian 
period of geological history, after having survived for about 
180,000,000 years; thus became extinct the great group of the 
Trilobites* in Permian times, after a lapse of 300,000,000 
years (or more) and thus also the Cephalopods^ met their doom 
towards the close of the Cretaceous era, having flourished 
through the time interval of 350,000,000 years. 

On the other hand, the genus one of the sea animals 

possessing a shell, has persisted to this day, almost since the 
dawn of life on the globe, through the unprecedented time interval 
of about 500,000,000 years. The secret of its success appears * 
to be the simplicity of its structure and its ‘modesty', for it is 
content to live in ordinary sandy mud in the sea, a iehensraum 
which has always been available. So the race of man has 
much to learn from this mute and humble sea-shell of dull grey 
and unassuming hue, holding communion only with the sea 
or the sands upon its shores. And if one were to apply these 
conclusions to the human race, one would say that the success 
of various races, communities, etc., is often due to specialising 
in the exploitation of certain environments by far-going adapta¬ 
tion. But this means inevitably that such organisms become 
unsuited to life in different environments and therefore 
often become the victims of their own over-specialisation. 
But others owe their survival to the retention of adaptability 
. to physical environment, to fortune and misfortune. It is well- 
known how, entirely because of their adaptability, members of 
thrifty communities, even multi-millionaires, survive the vagaries 
of fortune when they have been reduced to utter penury. 
And it was not merely numbers that brought about the anni¬ 
hilation of the German Army in the last war, but the rigidity and 
unadaptability of the Nazi war-machine and political systcro. 
Furthermore, if the highly specialised atomic bomb contributed 
much to the breakdown of the Japanese, it is a fallacy, we believe, 
that specialised methods can lead to permanent dominance. 
Aud, after all, there is no weapon which is not double-edged. 
Therefore, if any system is to prove a success and survive, it 
should be mobile, adaptable to changing conditions, and simple. 

>Tb«se «re various groups of ravertebrates Which played domioant ro^ b 
Uk liib of tbe periods during ^^icb Otey bved. 
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The keynote of survival, the great lesson that Evolution has 
taught us, is Oeneralisation (not Specialisation) and Adaptability. 

To continue. Amongst the vertebrates, there died out, after 
brief but gls^rious episodes, the Dinosaurs of the Mesozoic, 
the varied elephants of the Tertiary era (with the modern hath/ 
surviving), some with four tusks (Tetrabclodon), others with 
flattened or shovel-shaped tusks (Platybelodon) and many other 
representatives of this family, too numerous to name. Jt is of 
interest to note that the large-scale extermination of the Tertiary 
vertebrates was due to the onset of cold conditions with the advent 
of the Great Ice Age in certain parts of the world, the change 
being so rapid that many of these animals found adaptation 
impossible. 

But what of the human race ? Whither is it bound ? If we 
iisten to the verdict of evolution, we can draw but one conclu¬ 
sion—that unless a conscious attempt is made to prevent it, 
BXTJNCnON IS THB FINAL DESTINY OF THE HUMAN RACE. Indeed, 
have not already several of the human races suffered extinction, to 
wit—the race of the Java ape-man, of the Heidelberg man and 
the Neanderthal race ? Is it not the turn of the race of modern 
mAn, the all knowing, the all-wise and almost the almighty ? 
Can we evade this doom 7 Let us face the question. 

In general, it may be stated from past experience of extinct 
races that annihilation follows specialisation in the physical 
make-up and subservience to environment, which prevents easy 
reaction to changes of various types and adaptation Co them. 
Now, of all the organic features we believe that the human brain 
has become Che most highly specialised, and may be ultimately 
responsible for the extinction of Che human race, unless we take 
advantage of it, and consciously resolve (a capacity which none 
of tbe extinct races of vertebrates or invertebrates possessed) 
not to use the death-dealing discoveries for our own extermination. 
This hope is seemingly too pious for the tempo of modem life and 
humanity. But this is our only safeguard. Thus that very factor 
tbe possession of which alone would entitle us to almost eternal 
cxjsfcnce, may be the very cause of our extermination, unless we 
pause, think and act. 

In the tempo of modern life it is difficult to assess which course, 
which direction, the affairs of man will take. But the omens 
portend no good. Scarcely is a war over, a war fought, we are 
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told by the belligerents, to make the world a fit place for angels 
to live in, when the mighty nations talk of more wars to bring 
‘peace and plenty’ to the sorely stricken world. Alas, invariably, 
at the end of the war the angels take to their wings. The land- 
hunger, the unceasing quest for raising the standard of living 
(without raising the standard of thinking), the common desire 
to possess what the other has—a desire which has led to the 
spectacle of strange bed-fellows—often seem uppermost in the 
minds of men and nations, in spite of their professions to the 
contrary. The result is a strange and diabolical, biological 
phenomenon, ihe organised destruction of its own species hy the 
race of man; a phenomenon which does not strike us as being 
diabolical merelybecauseofits periodic repetition. Of all the varied 
races of the animal kingdom there is not a single species, except 
perhaps certain kinds of ants, which indulges in the pleasant 
pastime of the organised and preconceived destruction of its 
own kind. If two dogs fight, there is probably a bone or a bite 
involved, if two apes have a scuffie, the reasons are similar. 
But not so with our good friend ffomo sapiens, or Man the Wise. 
He will fight upon almost any excuse, not merely for material 
things, not only because of natural sex inhibitions but even 
because ^ different philosophies, concepts and ideologies. 

The artificiality of modern life, its complications, its multifarious 
needs, desires, ambitions, lead only to disturbances of the mental 
equilibrium and the happiness it yields is transitory and ephemeral. 
Meed it appears even doubtful whether, in the mental and 
moral confusion that prevails today, man really considers true 
happiness at all essential to existence, for he seems to be very 
busy in the chase for excitement and more excitement. What 
we primarily need today is not higherstandards of living (so-caUed) 
but a simpler way of life (a lesson taught by evolutionary pbeno- 
meoa). Md we need, not the least, a higher appreciation of 
moral values, so that we can strike a happy balance between 
man’s spiritual and material needs. Man has Sieved the conquest 
of Nature; he has annihilated time, space and matter, he has 
the world at his feet, but he has yet to conquer himself, if he is 
to survive, It is high time (it may soon be too late) that we got 
out of this vicious circle in which we are moving today, of more 
needs, more industry, more competition, more jealousy, more 
wars, more destruction and finally more Peace—of the Grave. 
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Ut US then pause and think awhile, whither this su^ing flood, 
not only of science but of modern civilisation is carrying us 
and tossing us about like foam on the crest of the sea waves. 
Man, the architect of his own desliny, the doyen of Nature, the 
master sdentist, may have overshot the mark, may yet have 
much to learn from lesser beinp than himseif- 

Tim UNO 
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Three disiincUvt PilseoUthic lodxinnM are r ep r e ewtced in ihe Indian epoiloent and Burma—ibe Sohan ra the 
nortb-Msi (Potwar region of Pakistan), the Madrasian io south India aod the AnyathUn aloctg the Imswad^y 
valley. Burma. Tbe Netiiihic reached a bieb level in South India where the Mkrolithic (Mesolithic) is also 
well repreeeoied, A special phase of the Mtcrolitbio known as the Proio*Neolithic occurs alortg the Indus 
in Siod (Pakistaa) and probebly also In Hyderabad (India), Of particular interest and importance is the 
Megaliihfc culture of South India. 
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